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ABSTRACT

The history of improvements in the global standardization

of gravity values since the advent of high range gravimeters

in 1948 is reviewed. In particular the gravity base values

given in SEG special publication International Gravity

Measurements (Woollard and Rose, 1963) are evaluated

against the most recent set of standardized gravity base

values, The International Gravity Standardization Net, 1971

(Morelli et al, 1974). Adjunct IGSN 71 values prepared by

the U.S. Defense Mapping Agency Aerospace Center (unpublished)

are also used to give a more comprehensive worldwide compari-

son of values. The results for 787 comparisons of Woollard

and Rose (1963) values and IGSN 71 values for the same sites

indicate that, in general,'there is no difference in gravity

standard represented. However, there is a mean absolute

datum difference of 14.7 mgal (standard deviation 0.25 mgal).

As this value is the same as the difference in the IGSN 71

value for the Woollard and Rose primary base value at Madison,

Wisconsin, it corroborates the independent assessment that

there is, in general, no difference in gravity standard.,

However, examination of the data by geographic areas indicates

that there are areal anomalous offsets in datum due

presumably to undetected tares in the Woollard and Rose

values, and also a departure in gravity standard of 0.2 mgal

per 1000 mgal in both South America and Europe. As it was

possible to establish specific areas in which the Woollard
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and Rose values are in apparent error relative to the IGSN

71 values as well as the nature and magnitude of the

differences in values, it appears possible to use the more

extensive worldwide network of Woollard and Rose base

values to extend the IGSN 71 network with, in general, an

absolute reliability of the order of 0.15 mgal. As many

of the existing gravity surveys are not tied to IGSN 71

bases, but are tied to Woollard and Rose bases, much of

the existing gravity data in the world not on the new

IGSN 71 gravity system could thus be integrated into the

new international gravity system with sufficient reliability

for most purposes. However, more precise gravity values on

an absolute basis are required if gravity is to play a

significant role in studying global tectonic movements and

geodynamic processes.
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INTRODUCTION

Gravity standardization, although a concern of geodesists

for more than three fourths of a century, was a topic of little

interest to other earth scientists for many years, and of even

less concern to exploration geophysicists until very recently.

What has made the standardization of gravity become increasingly

important are the following: (1) the recognition of the importance

of gravity in understanding regional changes in crustal and upper

mantle structure, surficial geology and the distribution and occur-

rence of all mineral deposits and not just those related to energy;

(2) recognition of the fact that we are living on a dynamic earth

whose pattern of on-going tectonic horizontal and vertical move-

ments can be detected locally, regionally and globally through

secular changes in gravity. Wtthout gravity standardization, the

value of gravity in such investigations is limited; but with

standardization, gravity becomes a key method for studying such

problems. The fact that high precision observations are (1) rel-

atively inexpensive; (2) there exist large bodies of gravity data

that can be standardized to useful levels of absolute reliab-

ility for such studies and (3) there now exist a world network

of gravity standardization bases having an absolute reliability

of better than 0.1 mgal, all indicate support and expansion in

the role of gravity in both advancing scientific knowledge and

applying this knowledge to the benefit of man. This paper rep-

resents one step in the process of standardizing the world's

gravity data.
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HISTORICAL BACKGROUND ON GRAVITY STAIDARDIZATIOM

The global standardization of gravity started with the

Vienna System adopted in 1900, which was estimated to have an

absolute reliability of about ±10 mgal. The adoption of the Pots-

dam reference syste, in 1909, however, resulted in a -16 rgal cor-

rection in the Vienna absolute gravity datum. Other than this

action and interconnections of national gravity bases to Potsdam

with pendulumas having variable reliability, there were few signif-

icant a,"ances in the global standardization of gravity until 1947

when a new era in gravity standardization can be said to have

started. The significant event in 1947 was the development of the

WJorden high-range gravimeter, which permitted pravity observations

to be made on a global basis with a reliability of better than 1

r.cal. This instrument, which Sam P. Worden built for the writer

on a "no work--no pay" basis, was tested in 1947 on a semi-global

series of leap-frog measure.ients to evaluate drift stability and

repeatability of values (unpublished), and then used in 1948 for

an around-the world- series of observations at 33 primary and

secondary national gravity bases as well as for the establishment

of some 150 new giobally distributed gravity bases (Woollard,

1950). These measurements demonstrated that uncertainties in

national gravity base values, that at the time were of the order

of 2 to 5 mgal (,Morelli, 1946; Hirvonen, 1948) and in one case

exceeded 30 mgal, could he resolved to better than 1 mgal with

gravimeter measurements. This first series of qravity observa-

tions with the Worden gravimeter, and the relatively low budget

required as compared to pendulum measurements, as well as the
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significant difference in time required in making a series of

world-wide gravity observations, initiated a period of intensive

gravity investigations on a global scale. It was attended by

continuous imnrovements in qravlty instrumentation (gravimeters,

pendulums and absolute gravity apparatus); a siqnificant increase

in the numbers of investigators making international and inter-

continental gravity measurements and resulted in a marked improve-

ment in gravity standardization. One product of the work done by

the writer and his students during the period (1948-1962) was SEG

special publication International Gravity Measurements (Woollard

and Rose, 1963). This publication represented a compendium of

global gravity values and site descriptions for some 100 primary

gravity bases established with nendulums and more than 1200 aux-

iliary gravity bases established with gravimeters. At the time

(1963) it represented the most comprehensive and successful

attempt to establish a reliable international gravity standard

and to cover the world with a network of gravity bases whose

values were all on the same datum and gravity standard. This

publication also included comparative analyses of not only the

national gravity base station values that were in use, but also

values being obtained by all other investigators making modern

high-range pendulum and gravimeter measurements, with particular

emphasis on the differences in gravity standard represented.

Although a complete analysis could not be made at the time regard-

ing the absolute reliability of the Woollard and Rose (1963) gra-

vity values, on the basis of comparisons with the values that had

been adopted in 1959 by the International Association of Geodesy

and the International Gravimetric Bureau in Paris (IBG) for the
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then designated 34 fundamental international gravity bases,the

l!oollard and Rose (1963) gravimeter values had a mean overall

absolute reliability of the order of ± 0.3 mgal. The actual dif-

ferences brought out by these comparisons of values, which were

possible at 32 of the 34 designated fundamental bases and which

covered a range of over 3000 mgal, indicated agreement to better

than ± 0.2 mgal at 50% of the sites, and ±0.35 mqal at 75% of the

si tes.

Another value of the work of !-oollard and Rose (1963),

moreover, was that it brought into focus problems regarding the

international standardization of gravity and their possible solu-

tions. It was this aspect of the work that set the stage for the

follow-up 1orld Gravity Standardization Program (Szabo, 1963),

whose results are incorporated in the most recent attempt to

standardize gravity, The International Gravity Standardization

N¢et 1971 (Morelli et al, 1974). The gravity values given by 'lorelli

et al (1974), referred to here as IGSM 71, incornorate a change

of -14.0 mgal in the Potsdam absolute gravity datum and -14.9

ingal in the value adopted for the Bad Harzburo datum used as an alter-

nate for Potsdam during the period (1939-1963) when western obs-

ervers were not able to make observations at Potsdam. The IGSN 71

values also incorporate an improvement in gravity standard over

that which, in general, it had been possible to establish with

relative gravity pendulum measurements and early absolute gravity

determinations. This improvement resulted from the development

of a laser interferometer free-fall absolute gravity apparatus by

Ii



aller, (1965) which was sufficiently portable to permit measure-

ments with the same apparatkis at points as widely separated as

Fairbanks, Alaska and Bogota, Colombia. It was the observations

made with the Faller apparatus between these end points, repres-

enting over 4800 mgal change in gravity (Hammond and Faller,

1971), that defined in large measure the IGSN 71 gravity standard

Another factor contributing to the reliability of the IGSN 71

values was the redundancy in data available, and some 25,000

modern gravity observations interconnecting the 473 orimary grav-

ity bases and their excenters were used in the IGSN 71 adjustments

reported by Morelli et al (1974).

The IGSN 71 values are thus on a different absolute datum

from the Woollard and Rose and other earlier gravity values, and

should be significantly superior in terms of the gravity standard

represented, as well as have a hiher degree of reliability on a

relative basis. The absolute reliability of the IGSN 71 values

world-wide as defined by the statistical tests made by Mlorelli

et al (1974) is better than ± 0.05 mgal.

To test the actual degree of improvement represented in the

IGSN 71 values of Morelli et al (1974), the writer compared the

IGSN 71 values and the Woollard and Rose (1963) values at the

same IGB fundamental gravity bases used originally by Woollard

and Rose to define the probable absolute reliability of their

values. This comparison (presented in the next section) after

allowing for the 14.7 mqal difference in the IGSN 71 value for

the Madison, Wisconsin base datum used for the Woollard and Rose

I)
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values showed: (a) no difference in gravity standard from that

incorporated in the IGS,N 71 values, and (h) that at 58% of the

32 fundamental gravity base sites for which there are comparative

data agreement was within ± 0.1 mal, and that at 80"1 of the sites

the agreement was better than ± 0.2 mqal. These results, suhstan-

iated in the next section of this paper, thus indicated the 1,ool-

lard and Rose values were better than was originally estimated

(± 0.3 mgal) and only approximately 0.15 mgal inferior in relative

bravity reliability to the IGSN 71 values at better than 75% of

the IGB designated fundamental world gravity base sites.

This finding, plus the fact that the IGSNI 71 values of

iorelli et al (1974) only cover about 550 geographic localities

with a heavy emphasis on places in Europe (in contrast to the more

extensive world-wide coverage of the 'oollard and Rose values)

led to this present paper.

OBJECTIVES ADDRESSED AND ?IETHOD OF ANALYSIS

The primary objectives of the present naper are as follows:

1. To determine if the Iloollard and Rose (1963) values do

define a gravity standard that conforms everywhere to the ahsolute

standard incorporated in the IGS.I 71 values, and if not, where

are the departures and what is their magnitude.

2. Are there places where there are significant offsets in

datum other than the Madison, Wisconsin base datum offset of 14.7

;migal between the Woollard and Iose (1963) values and the IGSN 71

values, and if so where, and what is the magnitude of the datum

shifts.

I
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3. Are there places where there are erratic differences

in the two sets of values, and if so what areas are involved and

what is the magnitude of the differences.

4. Is it feasible in the llqht of the above to adjust

the Woollard and Rose values to the IGSN 71 qravity standard and

datum with a sufficient deqree of reliability to in effect extend

the global coverage of the IGSN 71 standardization net even though

the degree of reliability of the added sites miqht be 0.1 to 0.2

ingal less than the IGSN 71 values of Morelli et al (1974).

In approaching the above objectives, the gravity standard in

each continental area as defined by the Woollard and Rose (1963)

gravi,-eter values at pendulum sites will be examined first. The

graviieter values are used rather than the pendulum values since

the quality of the pendulum measurements on a station-to-station

basis varied with the area depending on the degree of improvement

that had been incorporated in the pendulum apparatus at the time

of the observations, whereas the gravimeter measurements were

adjusted, insofar as possible at the time, to a single aravity

standard. This standard was that defined by the series of pendulum

measurements over the North American Rocky tit. Front calibration

range, where three sets of repeat nendulum observations nrovided

a "best" set of gravity standardization values between Point Bar-

row, Alaska and Mlexico City, Mexico.

The comparison of values at all sites in each geographic

area to determine the degree of agreement between the Woollard

and Rose values and the IGSN 71 values is considered independentl y

from that at the pendulum gravity standardization bases. The reason
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for making this division of the analysis (the standardization

bases versus all bases in an area) is because in order to have a

maximum number of comparative values for an area, and hence more

comprehensive analysis, IGSN 71 values other than those of Morelli

et al (1974) have to be used. The adjunct IGSN 71 values used

by the writer are the unpublished values derived by the U.S. Dep-

artment of Defense Mapping Agency Aerospace Center (DMAAC), which

cover about 65% of the Voollard and Rose gravimeter base sites

(airports, etc.) that are not related as excenters to the pendulum

observation sites. Although, in peneral, the difference between

the IGSN 71 values as determined by Morelli et al (1974) and DMAAC

for the same site does not exceed 0.04 mgal, and there is agree-

ment to ± 0.01 mgal for 67% of the 239 comparisons that could be

;ade, it was found that there are systematic differences between

tne two sets of IGSN 71 values. These change in both magnitude

and sign in going from one continental area to another, and in

addition there are offsets in datum between the continental areas.

These differences in the IGSN 71 values (Figure 1), while not sig-

nificant in making an overall evaluation of the Woollard and Rose

values, were judged to be sufficiently significant in evaluating

the gravity standard incorporated in the Woollard and Rose values

at the primary (pendulum) gravity standardization bases to restrict

the IGSN 71 values used for this purpose to those of lorelli '?t

al (1974). These values aside from there being the "official" IGSN

71 values also have the advantage of including the pendulum base

excenter site values used in lieu of the pendulum base values,

whereas the DMAAC IGSN 71 values do not.

monk"
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Ver.ause of the extensive numher of tables of conparative

values involved, these are not incliided as part of this naner and

only graphical reDresentations of differences in values are pres-

ented. iowever, coimplete tahulatinns of values by area listed

accoruing to ttie Wjoollard and Rose (1963) site designation sy. ter,

are available from the SEC office in Tulsa, Oklahoma.

THE LVALUATIO.N OF TIHE IIPROVEMIENT I'll GRAVITY STANDARDIZATION

I;:I)CAT[D AT THE IGB FUNDAMENTAL WORLD GRAVITY BASE SITES

As brought out earlier, the absolute reliability of the

1.joollard and Rose (1963) qrav~tv values ,,as orliinally defined as

beinn about ± 0.3 mcal on tfi-, 'hasis of comparisons with the values

adopted for the IGB desiana _d fundamental gravity bases. The datur

for the IG. values aas that for Bad rarzhurq, Vest Germany (980.

1804 gal), which had been .:.Jonted as an alternate datum for Pots-

dan because Potsdam was closed to western observers during World

'..ar II and later as a result of the partitioning of Germany. The

.:oullard and Rese (1963) values, although base, on Madison, lis-

consin for datum control were on essentially the same datum as the

IGb values since the Woollard and Rose value for Bad flarzburg

(980.18u3 nal) differs by only 0.1 rngal from the IG value. As

this difference is within the degree of uncertainty in both sets

of values, it cannot be regarded as significant. Although earlier

attempts to standardize nravity values internationally, such as

those of lorelli (1946) and Hirvonen (1948), had not considered

Bad WHarzbura, they had included nuite a number of the other I(B

fundamental gravity bases, and since one aspect of the pager is to

define the history of iriproverrent in aravlty standardization,

A



these values will also he considered in this section alonq with

the IGB (1959) values in determining the denree of improvement in

gravity standardization prior to and since the publication of the

*Woollard and Rose (1953) values. In all cases, the InSN 71 values

of Morelli et al (1974) are used as a standard for comparison.

The comparative values listed in Table 1 are representa-

tive of the tables included in this report as Appendix I and

Appendix II. Because of the restrictive number of comparisons

for the Morelli ( 1946) and Hirvonen (1948) values at IGB fun-

damental gravity bases, their values for Copenhagen and Stock-

holm are used to give a more representative set of comparisons

for these two sets of adjusted values.

As seen from Table 1, the !loritlli (1946) adjusted values

show considerable difference from the IGSN 71 values (12.1 to

17.4 mgal). If the difference in datum value at Potsdam (14.0)

rgal) is allowed for, the differences ranqe from + 2.0 mqal to

- 3.4 rgal. However, the distribution of these differences in

values is skewed toward values greater than 1.2 mgal. By coinci-

dence this value (1.2 mgal) corresponds to the degree of apparent

reliability for 50% of the 15 comparative values. On the basis of

75% of the values, the agreement is only better than 2.6 mgal.

The hlirvonen (1948) adjusted values show a more normal dis-

tribution of differences relative to the IGSN 71 values after

allowing for the 14.0 ingal difference in datum. Fifty percent of

the values agree to better than 1.2 mgal with the IGSN values and

75% to better than 2.2 mgal. These two early adjustments therefore

did not differ a great deal in terms of their overall reliability

i
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relative to the IGSI 71 values.

The IG6 (1959) adopted values, after allowing for the 14.9

nyal difference in datum at Bad Harzburg relative to the IGSN 71

value for this site, indicate a reliability of better than 0.6

mngal for 50i of the values and 1.1 mgal for 75% of the values.

These values, therefore, represent a significant advance in stan-

dardizing gravity in the interim neriod 1948-1959. The Woollard

and Rose (1963) values, as indicated earlier, after allowinn for

the 14.7 rgal difference in datum at the Madison, Wisconsin base

relative to the IGSN 71 value for Mladison, however, show agree-

.-ent with the IrSN 71 values to better than 0.1 mgal at 58% of

the sites, and to better than 0.2 mqal at 82% of the sites.

As the above differences in values do not give an indication

of any bias in sign, the differences with regard to the sign of

tae correction required to have all values consistent with the

IG ;; 71 correction for the datum used are shown as distribution

plots in Figure 2. Because of the small sample represented in the

INirvonen (1948) values, these are omitted. As seen from Figure

2-A, the datum corrected 'Morelli (1946) values have a marked bias

and the central tendency is centered at - 1.2 mgal, indicating

that on average the values would require a correction of -15.2 rgal

to agree with the IGSN 71 values rather than -14 mqal, which is

the Potsdam datum correction. The I'lB values (Finure 2-R) define

a central tendency centered at +0.2 mgal, indicating that the mean

correction in adjustinq these values to the IGSN 71 datum is -14.7

rather than the datum correction of -14.9 mgal that applies to Bad

iHarzburg.
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The Woollard and Rose (1963) datum corrected values (Fig-

ure 2-C) in contrast to the Morelli (1946) and IGB values define

a near Gaussian distribution centered at + 0.05 mgal, indicating

that the median value departs by - 14.65 mgal from the IGSN 71

datum rather than the -14.7 mgal datum difference defined by the

IGSN 71 value for the Madison, Wisconsin base. As this degree of

skewness in the data has no statistical significance it can be

ignored.

In order to examine the gravity standards defined by the

above groups of values relative to that incorporated in the IGSN

71 values, the datum corrected differences in values are plotted

as a function of absolute qravity in Fiqure 3. Finure 3-A shows

the values of 'lorelli (1946) and Hirvonen (1948). Both sets of

values define essentially the same pattern of differenc relative

to the IGSi. 71 values: two groupings of values which are separated

by about 2.9 migal. both sets of values also indicate much the saree

departure in gravity standard: about 0.66 ingal per 1000 mqa' Ct-ange

relative to the standard represented in the IGSN 71 values. The

datum corrected IGB values for the world fundamental gravity base

sites (Figure 3-3) indicate only a slight difference in standard

of about 0.2 mgal per 1000 mgal change from that of the IGSN 71

values. The WIoollard and Rose (1963) values (Figure 3-C) define

no discernible difference in aravity standard from that incorpor-

ated in the InSM 71 values.

The various comoarisons given in Table 1 and praohicallv

portrayed in Figures 2 and 3, therefore, indicate that whereas
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there was a significant imnrovement in qravity standardization

at key gravity bases throughout the world between 1948 and 1959,

the most significant improvement was that represented in the

lWoollard and Rose (1963) values. Subsequent improvement as rep-

resented in the IGS!I 71 values has been primarily in terms of a

revision of the absolute gravity datum values that had been in

use, and a reduction in the uncertainty in relative gravity

values from about ± 0.15 mgal on average as represented in the

Woollard and Rose values to about ± 0.05 mgal on average as

represented in the IGSU 71 values. As indicated earlier there is

no apparent difference in gravity standard represented in the

',.'oollard and Rose (1963) values and the IGSN 71 values of tiorelli

et al (1974).

INHERENT LIlITATIONS IN THE WOOLLARD AND ROSE (1963) VALUES

RELATED TO INSTRUMENT CALIRIATInM

'oollard and Rose (1963) used modified sets of minimum

compound quartz pendulum apparatus built by the Gulf Oil Company

Research and Development Corporation to make gravity observations

which were used as a standard in establishing the overall calib-

ration of the gravimeters they used. The primary series of such

pendulum observations in North America included ten sites, other

than the Madison,, Wisconsin base, distributed between Point Barrow,

Alaska and Nexico City, Mexico. Adjunct pendulum measurements were

also made along the Pacific coast at Vancouver, Seattle and San

Francisco; in the mid-continent region at Madison, Huron, Chicago,

Beloit, Tulsa and Houston; and alona the Atlantic coast from
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Ottawa to Key West. The relative change in gravity along these

lines of pendulum measurements which covered over 4700 mgal on

the Pt. Barrow to 'exico City series when considered in combi-

nation with the laboratory determined calibration of gravimeters

provided the gravity standard for most of the Woollard and Rose

(1963) gravimeter results.

The limiting factor on the reliability of the calibration

of the Woollard and Rose gravimeter data, however, was not in

the overall calibration standard defined by the pendulum measure-

ments, but rather pseudo cyclic short to medium range deviations

in tie readings of the gravimeters. A similar cyclic problem

(screw effect) had been early recognized in the use of the Worden

gravimeters since reading idiosyncracies could be detected with

that instrument's two dial reading system. However, such problems

were not recognized as being associated with the LaCoste and

Romberg gravimeters until after the publication of the Vloollard

and Rose (1963) results. lhat brought this nroblem into focus was

the use of two LaCoste and Rombern geodetic gravimeters simul-

taneously in 1963 in establishina Dendulum site excenter base

connections. Repeat measurements with both instruments indicated

consistent differences of 0.1 to 0.5 rgal over gravity intervals

of the order of 5 to 30 ngal, but with agreement to 0.1 mgal or

better over changes of the order of 500 mgal to 3000 mgal. These

findings resulted in a series of tests (Woollard, 1964) to esta-

blish the cause of the discrepancies, and the source was found to

be related to apparent non-periodic deviations in instrument res-

.. . . .. . . .
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ponse which had not been detected in the initial laboratory

calibration of the gravimeters. As these discrepancies in instru-

ment readings set one of the limits on the reliability of the

Woollard and Rose (1963) values, the results of a 32-point lab-

oratory test calibration versus that defined originally using

an 11-point laboratory calibration for LaCoste and Romberg

geodetic gravimeter LRG-1, which was used in standardizing

rost of the lioollard and Rose (1963) values, are shown in Figure

4 along with the calibration defined by the nendulum observations.

The bottom curve (open point values) represents the original

laboratory calibration based on 11 points; this curve parallels

closely the top curve (x point values) representing the calib-

ration based on the pendulum observations. Sunerimuposed and lying

between these two curves are shown the results (solid point

values) obtained for the 32-point laboratory calibration. As

seen, there is a non-systematic oscillation in values about a

mean curve whose position departs in a near-linear fashion from

that of the original calibration and that defined by the pendulum

measurements. The effect of these anomalous deviations in the

calibration of LRD-I on the Wnollard and Rose (1963) values at

the pendulum sites and their excenters between Point Barrow and

!1exico City is brought out in Figure 5. In this figure the IGStM

71 values of Morelll et al (1974) are used as a standard for

comparison. In order to show also the effect of improvements in

gravimeter instrumentation and calibration following the const-

ruction of the first LaCoste and Romberg geodetic qravimeter,

%AA J
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Figure 5 includes three additional sets of results obtained with

LaCoste and Romberg geodetic gravimeters at the same sites at

different periods in time. Figure 5-A presents the difference in

the Woollard and Rose (1963) values at the pendulum sites and

their excenters relative to the IGSN 71 values between Pt. Barrow

and Mexico City plotted as a function of absolute gravity. Values

at certain off-line pendulum sites (Anchorage, Vancouver, Seattle,

ladison, San Francisco and Houston) are also included to give a

more complete representation comparable to the changes brought

out in Figure 4. A best overall fit to the values would define

no overall systematic difference in gravity standard from that

incorporated in the IGSN 71 values, and would indicate a datum

correction of about -14.57 mgal. However, there is an averaae of

about 0.1 mgal (and occasionally even areater) discrenancv in

the pendulum base ties to their excenters, and as is seen, oseudo

cyclic deviations in values of the order of ± 0.2 mgal from the

mean.

The improvement in the next generation of qravimeters built

by LaCoste and Romberg is brought out in Figure 5-B, which presents

the average results (unpublished) obtained by the then Army Map

Service, Far East in 1964 over the North American Gravity stand-

ardization range using four LaCoste Romberg gravimeters. The

spread in pendulum base to excenter values at any one site rela-

tive to the IGSN 71 values in this plot is, in general, only

about 0.05 mgal, and although the short period pseudo cyclic

deviations have been reduced to about ± 0.15 mqal, there is a
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long period deviation of about +0.2 mgal from the IGSN 71 values

in the mid-range section.

In Figure 5-C. the averaqe values obtained with five La-

Coste graviineters by the Air Force 1281st Geodetic Snuadron

('halen, unpublished) at most of the same sites in 1965 are shown

relative to the IGS!1 71 values. These values indicate that the

pseudo cyclic deviations in values had been reduiced by this time

to the point that the uncertainty in values was no more than about

0.04 iial. Except for the sector north of Edmonton, Canada, no

long wave length deviation in values is indicated. That this defect

was removed by a subsequent More complete laboratory calibration

is indicated by the 1966 values reported by Whalen (unpublished)

for Anchorage and Fairbanks.

Figure 5-0 shows the values obtained by Woollard and Long-

field in 1966 (unpublished) using two later generation LaCoste

and Romberg gravimeters and with LRG-1 recalibrated using the 32-

point laboratory calibration shown in Fiqure 4. As is evident,

this set of values indicate a difference of about 0.025 mQal per

1000 nPgal channe in gravity standard from that incorporated in

the IGSN 71 values. Since the calibration standard for the set

of gravirieter values shown in Figure 5-n was defined by more nre-

cise pendulum observations (':oollard and Lon.field, unpuhlished)

than were available when the Uoollard and Rose (1963) values were

published as well as by multiple point laboratory calibrations

for each gravimeter, these results raise a question regarding

the gravity standard represented in the IGSN 71 values. It appears
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significant that the difference in gravity standard depicted is

.uch trie same and in the same sign as the difference the writer

(Iloollard, this volume) finds in the agreement of the IGSN 71

values of *lorelli et al (1974) with the 10 absolute gravity det-

erminations used in the IGS!4 71 adjustments. However, the small

discrepancy suggested in the IGSI 71 aravity standard can be dis-

regarded because it has no sinnificance in evaluating the I, oollard

and Pose (1963) values since both sets of values apoear to be on

the same standard as brought out in Figures 3-C and 4-A.

With the above points established concernina the 'Voollard

and Pose (1963) values in general at gravity standardization

sites in ;orth America, the data pertaininq to each of the four

i4orth-South series of pendulum bases established in N'orth America

will be considered separately, since it is on an individual basis

that the range data have been utilized.

C01IPARI.O,4S UF WUOLLARD A) ROSE (1963) ANID IGSN 71 VALUES ON

THE 4ORTH AMFRICAN GRAVITY STANDARDIZATION RANGES.

As in Figure 5, the differences in the Woollard and Rose

(1963) gravimeter values relative to the IGSN 71 values of 'Morelli

et al (1974) are examined over the range in absolute gravity rep-

resented on each gravity ranoe. The center point values on the

plots shown in Figure 6 represent the averaqe departure of the

Woollard and Rose (1963) values from the IGStI 71 values at each

site (pendulum base and its excenters), and the spread in the

values is indicated by the error bar. Because there is an anarent

offset (tare) in the 'oollard and Pose values at and south of
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lexico City, !lonterrev, Mexico is taken as the terminus for

each series of ohservations except the Atlantic coast series

that ends at Key Uest, Florida.

Frora a casual insnection of the four nlots shown in Firiure

6, it is clear that there are no overall differences in nravity

standard from that defined by the InSNJ 71 values on any of the

pendulum base lines and very little spread in the absolute datum

offset. The datum differences range on average from +14.56 mgal

for tne Rocky :t. series of bases to +14.61 igal for the Mid-

Continent series; the ,est Coast and East Coast series both show

a datum offset of about +14.58 mgal. In general, departures of

individual site values from the datum offset indicated for a

series as a whole, do not exceed 0.1 mgal, and the last series

established (the East Coast series) is clearly the best series

of measurements.

These results therefore are in good agreement ,,.ith those

indicated at the IGB fundamental gravity base sites as reaards

agreement in gravity standard with that incorporated in the IGel

71 values. However, there is a difference as regards the datum

offsc., which is about 0.1 m al less (214.6 vs. 14.7 mgal) than

that indicated by the corDarisons at the IGB fundamental gravity

bases.

COM.PARISONS OF 11OOLLARD ANJD ROSE (1963) A,4D IGSIJ 71 VALUES AT

GRAVITY STAIDARDIZATIO;l CASES IN SOUTH AMERICA

In Figure 7 three plots similar to those of Figure 6 are

shown for the differences in I.oollard and Rose (1963) values and

-
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the IGSJ 71 values of 1orelli et al (1974) at pendulum bases in

South America. In order to preserve North and South geographic

continuity with Figure 6, however, the absolute gravity scale is

reversed and the values increase from left to right. In Figure

7-A all of the data are combined into a single plot with an over-

lap of values from Paso de Cortes, Mexico southward. This plot

suggests both a difference in gravity standard from that of the

IGSN 71 values and much larger site-to-site deartures from some

mean value than was brought out by the data for North America.

To resolve the sources of the discrepancies, the data are

divided into two groups corresponding to the East-West distribu-

tion pattern of the observation sites. Figure 7-B presents the

differences for the Andean series of sites from Panama southward

to Punta Arenas, Chile, and Figure 7-C for the eastern series of

sites from Caracas, Venezuela to Ushuaia, Argentina. As is evi-

dent from Fioure 7-8, the Andean series of ohservations is largely

responsible for the departure from the IStl 71 gravity standard

sungested in Figure 7-A., and the denarture indicated is about

+0.2 r-,gal per 1000 mgal increase in nravity values. In other res-

pects the differences in values are similar to those noted in

North America.

In the case of the eastern series (Figure 7-C) it appears

that two major tares are involved. One, of about -0.3 mgal, is

indicated between belem and Rio de Janeiro; another, in opposite

si~f and of about +0.5 mgal, is indicated between Buenos Aires

and fiar del Plata. On this interpretation of differences of the
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Woollard and Rose values from the IGSN 71 values in eastern

South America, no difference in gravity standard is indicated

frowl that of the IGSN 71 values. As it is not likely that two

such dissinilar patterns of differences in the 'Woollard and Rose

'1963) values from the IGSN 71 values at the pendulum base sites

could have developed in South America, these results will be con-

sidered further in examining the data for all sites in South

Amrerica on an areal basis.

COMIPARISONS OF WOOLLARD AND ROSE (1963) VALUES AND IGSI 71 VALUES

AT GRAVITY STANDARDIZATION BASES IN EUROPE

Figure 8 shows plots of differences in Poollard and Rose

(1963) values and IGSN 71 values at gravity standardization bases

in Europe. Figure 8-A is a plot of the differences as a function

of the change in absolute gravity from Hlammerfest, Norway to Mad-

rid, Spain with an overlap of values into northern Africa. The

rean difference in values is about 14.75 mgal, and although there

is a scatter of about +0.2 mgal about the mean, no obvious diff-

erence in gravity standard is indicated on an overall basis from

that incorporated in the IGSN 71 values. However, there is a

suggestion in two sectors (Hammerfest to Helsinki and Paris to

Madrid) of a relation similar to that noted in South America for

the Andean series of observations. If the distribution of the

differences are examined on an individual hasis (base sites and

excenters as separate observations) as shown in Figure 8-B, a bi-

modal distribution is indicated. The predominant values occur at

14.7 and 14.9 mgal. These values are substantiated hy the distri-
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bution plot for the averaged values for each base. Because

attention was called to the difference in IGS:1 71 values as der-

ived by 11orelli et al (1974) and rMAAC (unpublished), a plot of

differences relative to the 1'IAAC IGSN 71 values at the pendulum

bases is also shown. This plot indicates a skewed distribution

with a predominant value of 14.7 mqal. All of the distribution

plots thus suggest that there are tares of the order of 0.2 mgal

in the European values, but it is not clear whether there is any

difference in gravity standard.

COMPARISON OF WOOLLARD AND ROSE (1963) AND IGSN 71 VALUES AT

GRAVITY STANDARDIZATION BASES IN AFRICA

In Figure 9 plots of the differences in 1,4oollard and Rose

(1963) values and IGSN 71 values at gravity standardization

bases in Africa are shown as a function of absolute q ravity

values. As the minimum gravity value occurs in the mid-continent

region near the Equator, 977.5 nal is adopted as a center point

of minimum absolute gravity with values increasinn in both direc-

tions from it in order to have north-south neooranhic intenrity.

Figure 9-A is a plot of the differences in values at all base

sites in Africa with an overlap of sites into southern Europe.

Although there is good continuity with the average relations

oruugnt out in Figure 9-A for Europe, there appears to be a

i.;ajor tare separating the data for the northern half of the

continent from that for the southern half. The values for sites

in the southern sector, also appear to he influenced by a signi-

ficant difference in gravity standard. That this difference in
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pattern is a consequence of tares rather than any difference in

gravity standard is brought out in Figure 9-P and 9-C, in

which the data are subdivided to conform to the East-Jest geog-

raphic distribution of the observation sites. Fiqure 9 -B is for

the r-id-continent East 1frica area, and Finure 9 -C is for the

'lest Africa area with an overlap of sites at Johannesburg and

Capetown. As seen from Figure 9-B, the mean datum difference

relative to the IGSN 71 values is 14.75 mgal from Rome to Khar-

toum with a tare of about -0.5 mgal between Khartoum and Nairobi

and a compensating tare of about +0.4 mgal between Johannesburg

and Capetown. That the apparent slope suggested by the data for

sites between Asmara and Capetown is fortuitous and a consequence

of tares is supported by the data of Figure 9-C. In this plot

only the Johannesburg value Is seen to be anomalous. All of the

other site values show no difference in gravity standard from

that of the IGSN 71 values and the datum offset of 14.7 mgal

agrees with that for Europe and the northern segment of the East

African measurements.

COMIPARISONJS OF .1!OLLARD AND ROSE (1963) AND IGSI 71 VALUES AT

GRAVITY STANIDARDIZ'\TIOP BASES IN THE PACIFIC SECTOR

Because all gravity ties to the Asia-Australia sector were

made from San Francisco via Hawaii, the base value comnarisons

with IGSN 71 values for these two sites are considered as a part

of the group of values for Japan, Southeast Asia, Australia and

,iew Lealand. Figure 10-A shows the differences in Woollard and

Pose values relative to the ISN 71 values plotted as a function

*~)
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of absolute gravity for all sites in the above areas except those

in western Australia, which are considered separately since they

appear to be affected by a tare. As in the case of Africa, a

minit-um absolute gravity value (980.OC gal) is taken as a center

point in considering sites north and south of Sinnapore. In Figure

10-A, except for the values at Hong Kong, which aDnear to be poor

measurements; Dunedin, 1ew Zealand, which aDpears to be affected

by a tare; and lanila, Sainon and Singapore, which all appear to

be definitely affected by a tare of ahout 0.36 rmqal, all values

indicate a datum offset of about 14.45 mqal from the IGS 71 values

with no indication in gravity standard. As shown in Fiqure 10-B

there is an indication of a tare of about +0.53 mqal between

Ilelbourne and Adelaide in proceeding from eastern to western

Mastralia, which increases the difference to about 15.0 ngal for

these sites relative to the IGS, 71 values.

"uM.1MARY 0;: WOOLLARD A JD ROSE VALUES VERSUS IGSJ VALUES AT

GRAVITY STArDARUIZATION BASES

Except for the series of W4oollard and Rose gravineter values,

from Panama to Punta Arenas, Chile, none of the series of neasure-

ments on the qravity standardization rangqs apnear to be on a

different qravity standard from that incorporated in the IGSN

71 values. There are, however, apparent tares ranginq from 0.2

mal to 0.5 ;igal that result in datum offsets in some of the

series of measurersents; notably, the east coast series in South

Arterica, the r.nid-continent East Africa series, and the Pacific

series. There are also a few sites that apnoar to be in significant
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error, such as Asrara, Ethiopia and Hong Kong.

As the absolute gravity value (98,.3689 gal) used by !.ool-

lard and Rose for their primary reference base at "adison, Wliscon-

sin is 14.7 ,gal iiyh relative to the IGSN 71 value for "adison,

(980.3542 gal), all of the Woollard and Rose values should differ

approximately this amount from their corresponding ICSN 71 values.

The actual mean differences noted by geographic area and percen-

tage of values in each series showing agreement to ±0.1 ngal and

±0.2 i-igal or better with the mean for each series are as follows:

World net of IGC, fundamental bases: 32 sites

fean datum difference: +14.7 mqal

Percentage sholvinq agreement to ±0.1 nqal: 58%

Percentage showing agreement to ±0.2 tqal: 82%

North American gravity standardization bases: 40 sites

Mean datum difference: +14.6 mnal

Percentage showing agreement to ±0.1 mgal: 83%

Percentage showing agreement to ±0.2 mgal: 95%

Erratics: Paso de Cortes, Mexico +15 mgal

South American gravity standardization bases:

Eastern series: 12 sites, segmented by tares

(1) Panama, Caracas, Belem: 15.1 ±0.1 mgal

(2) Rio de Janeiro, Cordoba, Buenos Aires: 14.8 ±0.05 mgal

(3) Har del Plata, Rio Gallegos, UshualaL 15.3 ±0.05 mgal

Andean series: 8 sites with different gravity

standard

Panama to Punta Arenas, Chile

X - 14.7 + 0.2 (oollard and Pose value -q77.0)
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Percentage sho'ilng aqreenent to ±0.1 mqal: 75%

Percentage showing agreement to ±0.2 mgal: 90%

European gravity standardization bases: 22 sites

[lean datum difference: 14.75 ngal

Percentage showing agreement to ±0.1 mgal : 41%

Percettage showing agreement to ±0.2 mgal: 86%

African gravity standardization bases

Western series: 8 sites, Lisbon and Madrid to

Capetown

Mean datum difference: 14.7 mgal

Percentage showinq agreement to ±0.1 mgal: 75%

Percentage showing agreement to i0.2 mgal: 87%

Mid-continent-East African series: 1 sites

segmented bv tares

(1) Rome, Tripoli, Cairo, Khartoum, Capetown:

14.75 ±0.15 mgal

(2) Nairobi, Lusaka, Salisbury, Johannesburg,

Pretoria: 14.25 ±0.15 regal

Erratics: Asmara: 14.05 mgal

Pacific gravity standardization bases: 24 sites

segmented by tares

(1) Principal series:

San Francisco, Hawaii, Tokyo, Kyoto, Darwin,

Cairns, Townsville, Rockh;mpton, Maryhorough

Brisbane, Sydney, )1-elbourne, Auckland, Wellington

and Christchurch:
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Mean datum difference: 14.45 mqal

Percentage showing agreement to ±0.1 mqal: 54%

Percentage showinq agreement to -0.2 mqal: 94T

Erratics: Dunedin, New Zealand 14.85 nal

(2) Manila, Saioon, Singapore: 14.8 ±0.1 mnal

Erratics: Hong Kong 15.4 nigal

Western Australia series:

Adelaide, Perth, Pt. Hedland, Derby: 15.0 ±0.1 mgal

COMPARISUS OF WOOLLARD AND ROSE (1963) VALUES AND IGSN 71 VALUES

Oil ANJ APEAL bASIS

As brought out earlier, a comprehensive worldwide compari-

son of Woollard and Rose values and IGSH 71 values is possible

if the unpublished IGS3 71 values derived by the Defense Mapping

Agency Aerospace Center are used to augment the values published

by Morelli et al (1974). Although, as shown in Figure 1, the IC-S.'

71 values derived by DVAAC differ somewhat in datum and standard

on an areal basis from those of Morelli et al (1974), the differ-

ences in general at anY, site do not exceed 0.04 m oal. This degree

of difference in values is considered to be too small to consti-

tute a significant limitation in using the .iMAAC values to evaluate

the .oollard and Rose (1963) values at airport and other sites

for which there are not Morelli eL al IGSt4 71 values.

COMPARISON OF WOOLLARD ArID ROSE (1963) AND IGSH 71 VALUES IN

;ORTH AM.7ERICA

In order to take coqnizance of the fact that a 13 year

period is represented in the tWoollard and Rose (1963) values;

-I- . - -
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thdt different instruments whose calibration was not always well

established were used in different areas, and in some areas early

I:leasurei:ients could not be repeated with iinproved instrumentation

at other than the standardization bases, the data for North .America

are subdivided on an areal basis: Alaska, Canada, the United

States, Mexico, and Central America and the IPst Indies. In Finure

11 distribution plots of the differences in the W!oollard and Pose

values and IGSN 71 values are shown for each of these areas. Fig-

ure 11-A presents the data for 58 sites in Alaska. 'lost of the

differences in values (59%) fall .:ithin bounds of 14.4 to 14.8

iigal with a central tendency toward an average difference of

about 14.55 mgal. In Figure 11-B the data for 57 sites in Canada

are shown. In contrast to Alaska, a well-defined median value is

indicated for the difference between the loollard and Rose and

IGSN 71 values. The value is 14.6 ngal and 76% of the values do

not depart by mn.ore than 0.1 mgal from this mean. The data for

the United States, which involves 163 sites, are shown in Figure

11-C. In this figure a slightly skewed distribution is indicated

with a predominant mean difference value of 14.6 mgal. Agreement

to within ±0.1 mgal with this value is indicated for 64% of the

values, and 82% of the values aaree to within ±0.2 mnal. The

differences in values for the 29 sites in M1exico (Figure 11-.)),

are characterized by wide spread (13.4 to 15.5 ngal). There is no

pronounced central tendency toward a dominant difference value,

although 59% of the values fall within the bounds of 14.4 to 14.9

mal. As the average difference in values for this central group

- - - - . - .. .o



41

U4.

>

o: QoQ-

WI-
-C,

I mo

S]S ~~~S SVC)

I w W

a 0 0

CD z

'0-4

II- (d-

0 4 .

0 0 0 0 0

3S 3S' I3Sv co

4w gtl

-4'
04

Slog
-o 4

00a

- oJH

5.4

r- z4

In 40



42

of values is 14.7 regal, and is not significantly different from

that indicated for Alaska, the United States and Canada. The

coiparisons for the 27 sites in Central America and the West

Indies (Fiyure 11-L) indicate a mean difference of 15.0 mgal with

74% of the values differing by no more than 0.1 rgal froi.i the mean.

The significantly higher mean difference values for this qroup

of data, 15.0 imgal versus 14.6 to 14.7 mnal elsewhere in 'forth

&1;erica, can be attri!uted to the fact that Panama "'as used as a

.,ase in establishinq the values. -s hrounht out when considerinn

the gravity standardization base values, the '.oollard and Oose

value for Panama differs hy 15.n !inal from the TqW' 71 value.

If the above differences in oollard and rne and Il.sN 71

values in ",>orth America are examined in terms of their relations

to the c hang9e in a!sol ute gravity represented (Fi ure 12), it is

found that the patterns of differences for Alaska and '!exico

differ significantly from those for the United States and Canada.

In Alaska (Figure 12-4), and flexico (Figure 12-B) apparent paral-

lel alignments of values having much the same slope suggest that

the gravity standard represented denarts significantly from that

of the IGS*I 71 values and that several tares ',.ere involved in

extending the network of airport base values from the nrimary

bases (Fairbanks and Mexico City). The apparent exnlanations for

the relations indicated in both areas are: (a) the work was done

in the late 1940's and early 195n 's nrior to the develonment of

the LaCoste and ornherq hinh ranne nravimeters and was done for

the ios t part with ,orden mrters which, in addi tinn to havi nn a
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hitqh drift rate that varied with type of transnortation, were

pressure (elevation) dependent and suhiect to tares from temner-

dture shock as well as mechanical shock; (h) the ineasureiients

were !iade prior to the establishment of the iorth Arierican pendu-

lums; gravity standardization range values and reflect limitations

in .aking tilt table laboratory calibration at a nid-range sitc

(in this case, Houston, Texas) coverinc? the ranne of the instru-

rents; (c) the zieasurevients were made on a progressive loon

basis usinij advance base sites fro, one closure loop as a base

for the next closure loon, so that any error in a base value on

one loop was propagated to the npxt loon; (d) it was possible

to repeat only a fe.i of the observations later 'i th irlnrovt:, and

better calibrated aravimeters. In view of the numher of adverse

factors reresented in the data for Alaska and Mexico the nattern

of denartures in values fouind is not surnrizinn.

In Figure 12-C the differences in the oollard and rTse

And I( 3: 71 valu.s in the 'Site. States are nlotted as a function

of absolute gravity. Although there is a sugonestion that some of

Ltue jrubiei.s indicated in Alaska and "!exico miciht have expression

in som~e of the values, these represent exceptions. The better

degree of agreerent for these data in defininj no difference in

gr'vity standard from that incorporated in the !lSll 71 values can

be attributed to the fact there were two or more sets of values

for many sites and that many of the early valu .s obtained with

'.orden graviiieters at airnorts ('-oollard, 1953), were revised

('ehrendt and ',onlard, In.l) throJqh rennat measurements usinq
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the first LaCoste and Roraberj geodetic gravireter. However,

these revisions were not drastic, for of the 39 reoccupations

reported by Behrendt and '!oollard (1961), 24 (61%) indicated

acree.ent to 0.1 mqal or better, and 33 (85"') indicated anreement

to 0.2 mral or better with earlier t'orden rravi reter values. The

iiean denree of agreement of the I!oollard and Dose values with the

IGSIN 71 values is 14.6 re al with 12% of the 163 valuns not dep-

arting by more than 0.2 i.igal from the mean.

The data for Canada (Figure 12-D), except for five erratics,

define a pattern si-iilar to that in the [United States. No differ-

ence in gravity standard is indicated from that defined by the

i L,, 1 I values and the mean departure in datum-3 is 14.6 regal. All

the erratics but one appear to be related to a tare caused when

the or-server was caught in the backwash of a plane and sent

tumbling (along , with the graviineter) across the ice in the Cana-

dian Arctic. The IGMr4 71 comparative values indicate the tare

correction applied in reducing the data was incomnlete for these

sites.

C()MPARISO'IS OF ''OOLLAPD A;ID POSF (In63) AND IrS1) 71 rRAVITY

VALUES I.' SOUTH ArM1EP.IC.A

Because of thp difference in nravity standard hrounht out

in the com.1parison of Woollard and Pose values at the qravity

standardization bases in the Andean region of South America and

the tares indicated in the eastern series of measurements, the

differences at airport and port sites are considered on a country

by country basis. Figure 13-A is the distribution plot of the

* " ... . i~im~il m' .6 f. : .LL @, .a,,,L .... ... . .
'

" .. ..m ..... lL
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differences in values for all sites in Colombia. The predominant

value is 14.8 mgal and 11 of the 13 values would show agreement

to ±0.1 mgal with this value. In Ecuador (Figure 13-B) the spread

in values is large (14.5 to 15.5 ngal); no central tendency in

values is indicated, and the average value is 15.0 mqal. In Peru

(Figure 13-C) the snall sanle of data indicate a predominant

value of 15.0 uqal; C of the 8 values do not deoart hy more than

0.1 mgal from this value. In Bolivia (Finure 13-P), thp distri-

bution, although somewhat skewed, indicates a predominant value

of 14.9 igal, and 14 of the 17 values do not depart by more than

0.1 iigal from this value. In Chile (Figure 13-E), which involves

a large change in latitude, but where most of the sites are at

relatively low elevations, the bimodal distribution with peaks

of 15.0 iigal and about 15.35 rgal is to be expected because of

the difference in gravity standard brought out at the gravity

standardization bases.

As no difference in gravity standard was suggested by the

comparisons at the gravitY standardization bases in eastern South

Aierica, any skewness or bimodal distribution of the differences

in the Woollard and nose and IGSN values in this area are pre-

sumably related to tares. This is the situation sunnpsted in

Figure 13-F for Venezuela 'where the dominant difference in values

is 14.9 mgal with a secondary peak at 15.4 mqal. In Figure 13-G,

which show-s the data for Brazil and includes a few sites in the

Guianas for which there are comparative data, the distribution

pattern is sii.;ilarly bimodal. The predominant difference in values

_1
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occurs at 14.9 mgal and at 15.2 mgal. Fioure i.-fl, which showS

the data for Argentina plus single values for Paraguay and Ura-

guay, indicates no pronounced central tendency for the difference

in values. The spread in values is abnormally large and the

average value is about 15.0 mgal.

If the above differences in Woollard and Rose (1963) and

IGS l 71 values are plotted as a function of absolute gravity,

it is found that the indication of a difference in gravity stan-

dard from that of the IGSN values at the gravity standardization

bases in the Andean region pertains to all of the Woollard and

Rose values in South America. Figure 14-A is the plot of the

differences in values as a function of absolute gravity at all

sites in western South America coded to define the country to

which the values pertain. Most of the values define a single

alignment of values having the same mathematical expression as

was defined at the gravity standardization bases; namely,

X = 14.7 + 0.2 (Woollard Rose value - 977.0 gal).

A second parallel sector as a consequence of a tare of +0.55 mgal

which involves 3 sites in Ecuador and 1 site each in Colombia

and Peru -- all lie on the eastern (jungle) side of the Andes.

That this same difference in gravity standard applies to values

in eastern South America Is brought out in Figure 14-B, which

shows the differences in values grouped as before for Venezuela,

Brazil and Argentina. Alignment (1), which involves most of the

values for Venezuela and Brazil conform to that defined for the

principal alignment of values in the Andean region. Alignment (2)
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conforms to that for the secondary alignment of values in the

Andean region and involves sites in the jungle area of Brazil.

Alignment (3), which includes the Belem gravity standardization

base, indicates that a tare occurred between Caracas, Venezuela

and Belem, Brazil. The displacement of values from alignment (3)

to alignment (4) indicates a negative tare between Belem and Rio

de Janeiro. The apparent high angle parallel alignments of values

in the data for Argentina are probably fortuitous, for although

the relations are suggestive of those noted in Alaska and Mexico,

the slopes are in opposite sign. It is more likely that the

four values that depart significantly from alignments (1) and

(4) are related to tares. The difference of 0.02 m qal per 1000

rngal in gravity standard indicated as characteristic of the Wool-

lard and Rose values in South America, however, appears to be

real, and is believed to be related to an undetected change in

instrument calibration.

COMPARISON OF WOOLLARD AND ROSE (1963) AND IGSN 71 VALUES IN

EUROPE AND AFRICA

The distribution plot for the differences in the Woollard

and Rose (1963) and IGSN 71 values in Europe is shown in Figure

15-A. A bimodal distribution is indicated with predominant

differences in values at 14.7 mgal and 14.9 mgal. However, 90%

of the 68 values fall within bounds of ±0.2 mgal for a mean

average of 14.7 mgal.

In Africa (Figure 15-B) the distribution in values is

similarly bimodal, with peaks at 14.2 mgal and 14.7 mgal. This
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distribution indicates a significant tare of 0.5 mgal that

affects about 40% of the values.

The reality of the tares suggested by the bimodal nature

of the distribution plots is brought out when the differences in

values are plotted as a function of absolute gravity. Figure 16-A

is the plot for the values in Europe, and two distinct alignments

of values separated by 0.35 mgal are suggested. These alignments,

if real, define a difference in gravity standard from that defined

by the IGSN 71 values, and indicate a slope much the same as that

noted in South America -- namely, +0.2 mgal per 1000 mgal in-

crease in gravity. This, however, could be fortuitous as two

similar parallel alignments of values having zero slope and dif-

ferences of 14.9 and 14.6 mgal would satisfy the data equally well.

If this pattern is assumed correct, 90% of all the values would

lie within ±0.15 mgal of one or the other alignments.

The plot of the differences of the Woollard and Rose and

IGSN 71 values as a function of absolute gravity in Africa

(Figure 16-B), indicates no discernible difference in gravity

standard from that of the IGSN 71 values. The pattern of tares

brought out when the standardization bases were considered, how-

ever, is evident in that there are two alignments of values

separated by 0.5 mgal. Alignments (1), which defines a mean

datum difference of 14.7 mgal includes all the East African

sites as well as those in North Africa except for sites in Ethi-

opia. Alignment (2), which is affected by the tare of -0.5 mqal,

applies to all values between Nairobi and Johannesburg, and the
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sites in Ethiopia.

COMPARISONS OF WOOLLARD AND ROSE (1963) AND IGSN 71 VALUES I

THE PACIFIC SECTOR AND OT14ER AREAS

For comparing the Woollard and Rose values with IGSN 71

values in the Pacific and other areas, the data are subdivided

by areas i-' separate series of measurements. These are: (1)

Southeast and Southern Asia; (2) Southeast and East Asia; (3)

Australia and New Zealand, and (4) oceanic islands in the Pacific,

Indian and Atlantic Oceans.

Southwest-South Asia Sector:

In Figure 15-C, the distribution plot of the differences

in the Woollard and Rose values and the IGSN 71 values in South-

west and southern Asia is shown; the dominant value characteriz-

ing 48% of the 48 sites is 14.7 mgal. A similar value applies to

sites in Southeast and East Asia and is brought out in Figure

15-D. Of the 34 sites involved 42% indicate a difference of 14.6

mgal. However, the wide spread in values in both areas suggests

either that some of the observations were poor or else that there

were some differences in some of the sites.

When the differences in the Woollard and Rose and IGSN 71

values in the above two sectors are plotted as a function of

absolute gravity, the data for Southwest and southern Asia (Fig-

ure 17-A) indicate that whereas no difference In gravity stand-

ard is indicated in Turkey, the Persian Gulf region and Pakistan,

there is a problem with the data for India. Either there is a

marked difference in gravity standard for the values in India and
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Ceylon as well as a tare, or there are two tares in opposite

sign. The latter interpretation is regarded as being correct as

nearly all of the values represented in Figure 17-A were deter-

mined as part of the same global series of observations using two

Worden gravimeters. This interpretation is reinforced by the domi-

nant difference value of 14.7 mgal brought out in the distribution

plot of differences (Figure 15-C). It is much more likely, there-

fore, that tne southern Indian observations are offset from those

in central India by a tare that was not properly handled in redu-

cing the data, as is clearly the case for the two observations

(javnmu and Srinagar) in northern India.

Southeast-last Asia Sector:

The distribution plot for the differences in Woollard and

Rose and IGSN 71 values in Southeast and East Asia (Figure 15-D)

is very similar to that for Southwest and South Asia in that

although there is a wide spread in values, one value is dominant

(14.7 mgal). When the differences in values are nlotted as a

function of absolute gravity (Figure 17-B) relations are similar

to those depicted in Figure 17-A for Southwest Asia and southern

Asia. The data can be interpreted as defining a difference in

gravity standard plus tares, or as defining no difference in

gravity standard plus tares. As in southwest and southern Asia,

the latter interpretation is regarded as being the correct one.

Australia - New Zealand Sector:

The distribution plot of the differences in the Woollard

and Rose values and IGSN 71 values in Australia and Iliew Zealand



57

(Figure 15-E) indicates what appears to be a trimodal distribution

of values. The dominant value is about 14.55 mgal and the second-

ary peaks occur at 14.3 mgal and 14.9 regal. When these values are

plotted as a function of absolute gravity (Figure 17-C), it is

seen that although no difference in gravity standard from that

of the IGSN values is suggested, there are three parallel aliqn-

ments of values separated by apparent tares of about -0.3 mgal

and +0.6 mgal relative to the principal aliqnment.

Oceanic Islands Sector:

The distribution plot of the differences in the Woollard

and Rose values and IGSIJ 71 values on oceanic islands (Figure

15-F) suggests three groupings of values corresponding to differ-

ences of 14.4 miigal, 14.7 mgal and 15.0 mgal. In considering these

differences in values as a function of absolute gravity, the data

were segregated into groups along with the land base values to

which each set of island observations were tied in order to better

define any difference in gravity standard from that of the IGSN

71 values. In Figure 18-A, the data are shown for the Atlantic

Ocean sector with Glasgow, Scotland; Goose Bay, Labrador; Caribou,

Maine; Washington, D.C. and Charleston, South Carolina renresent-

ing land base sites for the northern sector, and Panama, Caracas,

Venezuela and Recife and Rio de Janeiro, Brazil representing land

base points for the southern sector. Alignment (1) indicates that

the values for Guantanamo, Cuba; San Juan, Puerto Rico; and the

Azores lie on the same line as that defined for Goose Bay, St.

John, Newfoundland, Washington and Charleston and indicate a

Usk °N
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datum difference of 14.55 mgal with no difference in gravity

standard from that of the IGSN 71 values. The values for Iceland

(Keflavik and Reyjavik), however, which were connected from

Goose Bay en route to Glasgow, Scotland, similarly indicate no

difference in gravity standard from that of the IGsrU 71 values,

but a datum difference of 14.95 mgal. Although a slope could be

fitted to this portion of the data from Washington this is regard-

ed as fortuitous. This slope, however, is believed to apply to

the data for Ascension Island in the South Atlantic area and its

connections to Rio de Janeiro as well as to the data for Trini-

dad, Antigua and Caracas. The offsets in values for Bermuda (15.2

mgal) and for Thule and Sondre Stromfjord in Greenland (14.2 mgal)

are believed to result from tares.

In the Pacific area if the three values for the Indian

Ocean (Mauritius, Madagascar and Cocos Island) are disregarded

along with the value for Mcrlurdo, Antarctica, there is no evi-

dence for any departure in gravity standard from that of the IGSN

71 values, and the datum offset indicated is 14.56 mgal. The sites

in the Indian Ocean appear to have a datum difference of about

14.3 mgal and the value at McMurdo, Antarctica, indicates a dif-

ference in values of 15.1 mgal. That this last is a consequence

of a tare rather than any difference in gravity standard is

indicated by the data for Heard and Kerquelen Islands, which were

observed on the same trip based out of Melbourne, Australia. The

apparent alignment of values indicating a difference in gravity

standard between McMurdo and Madagascar is therefore purely

fortuitous.
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SUMMARY STATEMENT

In summary it would appear that the discrenancies in the

Woollard and Rose (1963) values relative to the ICSN 71 values

fall into three categories. The first, and by far the most exten-

sive group of values, which characterizes all of North America

(except Alaska and Mexico), Africa, Australia, New Zealand,

Southwest and Southeast Asia and most of the Pacific and North

Atlantic sectors, involves no difference in gravity standard from

that incorporated in the IGSN 71 values, although there are

regional differences in the datum offset values because of tares.

The second group, which is associated with all measurements in

South America and the South Atlantic sector, are characterized

by a gravity standard that differs by +0.2 mgal per 1000 mgal

increase in gravity from that incorporated in the IGSN 71 values.

As with the first group, there are datum offsets due to tares

between different segments of the data. The third qroup, which

applies to the data for Alaska and Mexico, are characterized by

a much more pronounced difference in gravity standard, of the

order of 1.5 mgal Per 1000 ngal change, as well as tares.

Despite the above diversity in the patterns of agreement

between the Woollard and Rose (1963) values and the IGSN 71 values,

the mlean differences in values do not vary greatly, and as the

degree of deviation on a worldwide basis is a measure of overall

reliability, a distribution plot is shown in Figure 19 of the

differences at all sites (787) at which comparisons could be made.

As seen from Figure 19, a near-Gaussian distribution is indicated
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and the dominant value of difference (14.7 mgal) corresponds to

that for the Madison, Wisconsin base value used by Woollard and

Rose. Agreement to 0.1 mgal or better with this value is indic-

ated at 196 sites (25% of the value). Agreement to 0.2 mgal or

better is indicated at 474 sites (60% of the values), and agree-

ment to 0.3 mgal or better is indicated at 576 (73% of the values).

The standard deviation from the mean value of 14.7 mgal is 0.25

mgal. As this is without any allowance for any uncertainties in

the IGSN 71 values or for the differences in the IGSN 71 values

of Morelli et al (1974) and DMAAC, the overall degree of reliab-

ility conceivably could be somewhat better than indicated by the

standard deviation. However, as brought out in the area-by-area

comparisons, the quality of the Woollard and Rose (1963) values

varies with area, and if these values are to be used to, in effect,

extend the IGSN 71 network of base values, or to convert gravity

surveys based on Woollard and Rose values to IGSN 71 equivalence,

it has to be on the basis of these areal comparisons and individ-

ual site value differences. To facilitate such conversion of the

Woollard and Rose values, tables of the differences in these

values relative to IGSN 71 values for all individual sites for

which there are comparative data have been prepared and filed

with the SEG office. In the case of Woollard and Rose sites for

which there are not comparative IGSl 71 values, the graphical

areal comparisons included in this paper should permit IGSN 71

values to be approximated with a reasonable degree of reliability.

In general, such approximations should have a reliability of

about ±0.25 mgal or better.
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Appendix I

Tables of Differences in Gravity (Gravimeter) Values

Given in SEG Special Publication International Gravity Measurements

(Woollard and Rose, 1963) and IGSN 71 Gravity Values

As Determined by Morelli et al. (1974) and

By the U. S. Defense Mapping Agency Aerospace Center (unpublished)
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Preface

The values given in the following tables are only for sites that

are believed to be the same and as described in SEC special publication

International Gravity Measurements . Values that appear to be for the

same site, but where the difference in values appears to be anomalous

because of a site difference are indicated by a question mark. No

values are included for sites that clearly are not the same. Otherwise,

there was no editing of the 787 comparative values listed.

The tables are divided into two groups because of differences in

coverage and slight differences in the IGSN 71 values as determined by

Morelli et al. (1974) and the U.S. Defense Mapping Agency Aerospace

Center (DMAAC). The differences in values are a consequence of diff-

erences in gravity standard of the order of 0.025 mgal per 1000 mgal

that are not consistent in sign in going from one continental area

to another. There are also datum offsets of the order of 0.02 to

0.04 mgal between continental areas. For these reasons, comparisons

at the gravity standardization (pendulum) bases and their excenters

are considered separately ( Appendix I) and the IGSN 71 values used

are those of Morelli et al. (1974) which give more complete coverage

for these sites than do the DMAAC values. However, the morc restricted

number of DMAAC IGSN 71 values for these bases are also listed for

comparative purposes.
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Tables in Appendix II are for all Woollard and Rose bases for

which there are comparative IGSN 71 values. The IGSN 71 values of

Morelli et al. (1974) are used wherever possible, and the DMAAC values

while for comparative purposes at some sites, are in general on'- listed

where there are no IGSN 71 values by Morelli et al. (1974). In all

cases the DMAAC values are marked with an asterisk. As the standard

deviation between the IGSN 71 values as determined by Morelli et al.

(1974) and DMAAC at the 239 sites where comparisons could be made is

+0.01 mgal with 88 percent of the values agreeing to +0.02 or better,

this mixing of IGSN 71 values from two sources is not a matter of major

concern in establishing the differences between the Woollard and Rose

(1963) values and the IGSN 71 values.

For a complete analysis of the patterns of difference in tne

Woollard and Rose values and IGSN 71 values on an areal basis, see "The

Global Standardization of Gravity"(text of this report). For an analysis

of the reliability of the IGSN 71 values particularly as regards the

Potsdam datum correction and absolute gravity standard incorporated in

these values as determined by Morelli et al. (1974), see "The New Gravity

System (Woollard and Godley, 1980).
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Appendix II

Tables of Differences in Woollard and Rose

(1963) Gravimeter Values and IGSN Values on an Areal Basis
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Sites with designatiot s "A', 'B", 'C". "J", etc. are compared

against the IGSN 71 values of Morel.i et al. (1974). At all other sites

the comparison is with the ICSN 71 values d.-rived by he U.S. Defense

Mapping Agency Aerospace Center (unpublished). Values followed by * are

DMAC values.

The site code numbering system is that .iven in S[( spccial publication

International Gravity Measurements (Woollard and Rose, 1963). (W - Pendulum

observation sites established by Woollard ind Rose; WA - Airports; !C -

Harbor sites; others as indicated.

Page

A. Sites in North America 101-116

1. Alaska (53 sites)

2. Canada (52 sites)

3. United States (167 sites)

4. Mexico (29 sites)

5. Central America and West Indies (27 sites)

B. Sites in South America 117-123

1. Argentina (21 sites) French Guiana (I site)

2. Bolivia (17 sites) Guyana (3 sites)

3. Brazil (81 sites) Paraguay (1 site)

4. Chile (17 sites) Peru (8 sites)

5. Colombia (14 sites) Surinam (I site)

6. Ecuador (7 sites) Uruguay ( 1 site)

Venezuela (13 sites)

-- - -
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Page

C. Sites In Europe 124-127

1. Cyprus (1 site) 8. Norway (9 sites)

2. Denmark (3 sites) 9. Portugal (2 sites)

3. Eire (1 site) 10. Spain (4 sites)

4. Finland (2 sites) 11. Sweden (2 sites)

5. France (7 sites) 12. Switzerland (3 sites)

6. Italy (7 sites) 13. United Kingdom (10 sites)

7. Netherlands (2 sites) 14. West Germany (6 sites)

D. Sites in Africa 128-131

1. Algeria (I site) 12. Nigeria (I site)

2. Egypt ( 5 sites) 13. Rhodesia (4 sites)

3. Ethiopia (6 sites) 14. Senegal (2 sites)

4. Gambia (I site) 15. Somali (I site)

5. Ghana (2 sites) 16. South Africa (]i sites)

6. Guinea (1 site) 17. Southwest Africa (3 sites)

7. Kenya (4 sites 18. Sudan (4 sites)

8. Libya (4 sites) 19. Tanzania (5 sites)

9. Malagasy (I site) 20. Tunisia (2 sites)

10. Morocco (2 sites) 21. Uganda ( site)

11. Mozambique (2 sites) 22. Zaire (3 sites)

23. Zambia (4 sites)

E. Sites in Southwest and South Asia 132-134

1. Bahrein (1 site) 8. Pakistan (1 site)

2. Ceylon (3 sites) 9. Qater (1 site)

3. India (13 sites) 10. Saudi Arabia (4 sites)

4. Iran (I site) 11. Trucial States (1 site)

5. Iraq (4 sites) 12. Turkey (2 sites)
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Page

E. Sites in Southwest and South Asia (continued)

6. Kuwait (1 site) 13. Yemen (1 site)

7. Lebanon (3 sites)

F. Sites in Southeast and East Asia 135-138

Southeast Asia

1. Cambodia (1 site)

2. Federation of Malaysia (5 sites)

3. Hong Kong (3 sites)

4. Indonesia (1 site)

5. New Caledonia (I site)

6. New Guinea area and Bismark
archipelago (15 sites)

7. Philippines (4 sites)

8. Singapore (5 sites)

9. Solomon Islands (2 sites)

10. Taiwan (1 site)

11. Thailand Ul site)

12. Vietnam (4 sites)

East Asia

1. Japan ( 9 sites)

2. South Korea (3 sites)

3. Okinawa (2 sites)

G. Sites in Australia and New Zealand 139-140

1. Australia (37 sites)

2. New Zealand (11 sites)
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Page

H. Sites on Oceanic Islands 141-143

Atlantic Area

1. Ascension (1 site)

2. Azores (2 sites)

3. Bermuda (2 sites)

4. Greenland (2 sites)

5. Iceland (4 sites)

Pacific Area

6. Fiji (2 sites) 12. Samoa (U site)

7. Guam (1 site) 13. Society Islands (2 sites)

8. Hawaii (6 sites) 14. Tonga (1 site)

9. Line Is. (I site) 15. Wake (1 site)

10. New Caledona (I site) 16. Wallis (1 site)

11. Phoenix Islands (16 sites)

Indian Ocean Area

17. Cocos (I site)

18. Heard (1 site)

19. Kerquelan (1 site)

20. Maritius (I site)
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Table A-I

Comparison of Woollard and Rose (1963)

Gravimeter Values with IGSN 71 Values

on an Areal Basis in Alaska

Wool lard

and Rose IGSN 71 Diff

WA 321 Adak 'J' 981.4420 .427 64 14.36

WA 322 Allaket 982.3583 .344 05* 14.25

WA 323 Anchorage 981.9204 .905 86* 14.54

.905 82* 14.58

USC Pend Anchorage 'A' 981.9400 .925 19 14.81

WA 474 Elmendorf AFB 'J' 981.9382 .923 56 14.64

UA 324 A, ette Is. 981.5274 .513 28* 14.12

',!A 325 Barter Is.'J' 982.5954 .581 56 13.84

.581 55* 13.85

WA 327 Beaver 982.3315 .316 40* 15.10

WA 329 Bettles 982.3842 .369 45* 14. 75

WA 331 Cape L.isburne 982.5304 .516 59* 13.81

WA 332 Cape Newenham 981.8247 .809 97* 14.73

WA 337 Chitina Q81.9492 .929 47* 10.73 Site?

WA 338 Circle 982.3049 .290 09* 14.81

WA 339 Cordova 981.9579 .934 09* 14.81

WA 340 Demarcation Pt. 982.5672 .552 93* 14.27

WA 341 nillingham 981.8658 .854 74* 11.06 Site?

WA 342 Dutch Harbor 981.5530 .538 58* 14.42

GW 6 Fairbanks "A" 982.2462 .231 71 14.49

.231 70* 14.50

GW 27 Fairbanks "B" 982.2444 .229 91 14.49

Abs Fairbanks "E" 982.2495 .235 00 14.50

WA 279 Fairbanks "J" 982.2464 .231 97 14.43

WA 349 Flat 982.0936 .078 91* 14.69

WA 351 Fort Yukon 982.3580 .343 40* 14.60

!1A 355 Gulkana 981.9314 .916 95* 14.45

WA 357 Homer 981.8824 .868 49* 13.91

",A 358 Hughes 982.3341 .319 45* 14.65

iA
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Table A-i

Alaska (cont.)

Woollard
-._ _and Rose IGSM 71 Diff

'T!A 360 luslia 982.3213 .307 90* 13.40 Site?

7-A 361 Iliamna 981.9030 .888 39* 14.61

!' 363 Juneau 981.7680 .753 64* 14.36

WA 364 Kenai 981.8378 .822 78* 15.02

WA 365 King Salmon 981.8426 .827 99* 14.61

"A 368 Kotzebue 982.4141 .339 73* 14.37

WA 369 Kovuk 982.2929 .278 51* 14.39

WA 370 Koyukuk 982.2801 .266 34* 13.76

WA 372 Livengood 982.2725 .258 23* 14.27

!"P. 375 McGrath 982.1284 .113 59* 14.81

'A 377 Munchumina 982.1545 .139 98* 14.52

'A 380 Nome 982.2749 .259 20* 15.70 Site?
IA 382 Palner 981.9816 967 99* 13.61

GW 105 Point Barrow "A" 982.6996 .685 18 14.42

.685 17* 14.43
WA 280 Point Barrow "K" 932.6998 .685 21 14.59

Y A 385 Ttu1,y 982.2376 .252 55* 15 .05

'MI 387 Shemva 981.5088 .492 08* 16.72 Site?

-N 388 Skagway Q81.7736 758 80* 14.80
"* 3 0 Stevens Village 982. 3244 .30P O6* 15 .34

T 393 Tanana q82.2782 .263 71* i14.50

.,A 395 Teller 982.311.9 .297 15* 14.75

7 WA 396 Tin Citv 982.3141 .909 63* 14.47

WA 281 "nilt 9P2 .5444 ., 65* 14.79
-1, 307 I"mnak Ts. 0'81.5176 .502 73* 14.87

WA 398 'nala1.leet 932.2178 .202 83* 14.97
WA 404 Yakata~a 9Si.n037 .qnl 54* 12.16 Site

1A 05 'a'1.tat OR1.8371 . 22 49* 14.61
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Table A-2

comparison of Woollard and Rose Gravimeter Values

and IGSN 71 Values on an Areal Basis in Canada

Wool lard

and Rose IGSN 71 Diff

ALBERTA

GW 32 Calgary "A" 980.8281 813 55 14.55

WA 180 Calgary "J" 980.8288 814 25 14.55

GW 25 Edmonton "B" 981.1678 153 16 14.64

153 09* 14.71

GW 5 Edmonton "C" 981.1672 152 79 14.41

WA 181 Edmonton "K" 981.1729 158 38 14.52

WA 282 RCAF NAMAO "M" 981.1803 165 84 14.46

Camb Grande Prairie "A" 981.3180 303 22 14.78

303 20* 14.80

GW 10 Grande Prairie "B" 981.3175 302 85 14.65

WA 183 Grande Prairie "J." 981.3158 300 99 14.81

GW 33 Lethbridge "A" 981.7589 744 62 14.28

744 61* 14.29

GW 12 Lethbridge "C" 981.7584 744 18 14.22

WA 184 Lethbridge "J" 981.7538 739 15 14.65

BRITISH COLOMBIA

Camb Fort Nelson "A" 981.6828 668 17* 14.63

WA 182 Fort Nelson "J" 981.6929 678 39 14.51

OW 27 Fort -t. John "A" 981.4059 391 21 14.69

WA 284 Fort St. John "J" 981.4055 390 78 14.72

390 79* 14.71

WA 285 Liard River 981.7041 689 47* 14.63

WA 286 Prince George 981.1772 162 14* 15.06

WA 288 Sikanni Chief 981.3941 379 46* 14.64

Dom Obs Vancouver "A" 980.9352 920 68 14.52

920 68* 14.52

WA 186 Vancouver "J" 980.9299 915 41 14.49
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Table A-2 (cont.)

Canada (cont.)

Woollard
and Rose TGSN 71 Diff

LABRADOR

WA 291 Goose Bay "J" 981.3078 292 81 14.99

"K" 293 24 14.56

MANITOBA

WA 292 Churchill 981.7675 752 87* 14.63

WA 80 Winnipeg "J" 980.9924 977 56 14.84

NEWFOUNDLAND

WA 294 Argentia 980.8539 840 15* 13.75 site?

WA 297 St. Johns 980.8369 822 25* 14.65

WA 298 Stephenville 980.9318 916 77 15.03

NORTHWEST TERRITORY

WA 301 Aklavik 982.4902 475 59* 14.61

WA 302 Cape Parry 982.6220 607 40* 14.60

Cornwallis Is.

WA 303 Resolute Bay 982.8624 848 74 1i.66

848 73* 13.67

Ellesmere Land

WA 304 Alert 983.1417 117 96* 23.74 site?

WA 305 Eureka 983.0275 014 09 13.41

014 06* 13.44

Ellef Rignes Is.

WA 306 Isachsen 983.0597 045 10* 14.60

Prince Patrick Is.

WA 307 Mould Bay 982.9333 .918 70* 14.60

WA 308 Yellowknife 982.0245 .009 88* 14.62

Victoria Island

WA 309 Cambridge Bay 982.5182 .503 59* 14.61

ONTARIO

Dom Obs Ottawa "A" 980.6208 606 14 14.66

GW 53 Ottawa "B" 980.6217 607 10 14.60

607 07* 14.63

WA 310 Ottawa "L" 980.6187 604 14 14.56

WA 79 Toronto 980.4298 415 09 14.71

415 09* 14.71



105
Table A-2 (cont.)

Canada (cont.).
Wool lard
and Rose IGSN 71 Diff

QUEBEC

WA 77 Montreal "N" 980.6437 629 24 14.46

WA 185 Quebec 980.7405 725 92* 14.58

YUKON

WA 311 Burwash 981.7543 739 67* 14.63

WA 312 Dawson 982.5223 507 69* 14.61

WA 313 Shingle Point 982,5223 507 69* 14.61

WA 314 Stokes Point 982.5702 555 59* 14.61

WA 315 Teslin Lake 981.7270 712 37* 14.63

Dom Obs Watson Lake "A" 981.7150 700 39 14.61

WA 476 Watson Lake "J" 981.7143 699 98 14.32

GW 26 Whitehorse "B" 981.7486 734 25 14.35

WA 188 Whitehorse "J" 981.7487 734 25 14.45
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Table A-3

Comparison of Woollard and Rose Gravimeter Values and IGSN 71

Values on an Areal basis in the United States

Wool lard
and Rose IGSN 71 Diff

ALABAMA

WA 82 Mobile 979.3396 324 69* 14.91

ARIZONA

WA 194 Douglas 979.0576 042 90* 14.70

WA 195 Flagstaff 979.1427 128 35* 14.35

WA 196 Nogales 979.0701 055 24* 14.86

WA 2 Phoenix 979.4918 476 83* 14.97

WA 197 Prescott 979.2406 226 39* 14.21

WA 3 Tucson 979.2277 213 01* 14.69

WA 198 Winslow 979.2777 263 55* 14.15

ARKANSAS

WA 4 Little Rock "J" 979.7245 709 40 15.10

CALIFORNIA 709 40* 15.10

WA 202 Fairfield 979.9898 975 38* 14.42

WA 83 Los Angeles 979.5946 580 00* 14.60

WA 207 Red Bluff 980.1046 090 06* 14.54

WA 85 San Diego "J" 979.5369 522 36 14.54

522 38* 14.52

WA 453 San Diego "K" 979.5336 518 54 15.06

GW 54 San Francisco "A" 979.9867 972 13 14.57

972 37* 14.33

WA 86 San Francisco "K" 979.9883 973 75 14.55

WA 87 San Francisco "J" 979.9885 973 81 14.69

COLORADO

GW 39 Denver "B" 979.6117 597 10 14.60

X cntr Denver "D" 979.6114 596 53 14.87

WA 89 Denver "J" 979.6333 618 97 14.33

WA 90 Denver "K" 979.6327 618 48 14.22

CONNECTICUT

WU 8 New Haven 980.3163 301 50* 14.80
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Table A-3 (cont.)

United States (cont.)
Woollard
and Rose IGSN 71 Diff

DISTRICT OF COLOMBIA

US 337 Commerce Pier "A" 980.1188 .104 29 -14.51

U337A Commerce 14th St. "C" 980.1182 .103.63 -14.57

GW 2 CIW Dept.Terr.Mag."D" 980.1006 .086 05 -14.55

Old NBS NBS Abs Conn Av. "E" 980.0995 .084 86 -14.64

WA 493 NatlAirport "K" 980.1089 .094 40 -14.50

FLORIDA

WA 484 Daytona Beach "J" 979.2771 .262 50 -14.60

WA 217 Jacksonville "J" 979.3856 .370 97 -14.63

GW 116 Key West "A" 978.9692 .954 46 -14.54

WR 39 Key West NB "J" 978.9686 .954 07 -14.53

GW 115 Miami Mar. Lab. "A" 979.0356 .020 95 -14.65

WR 3 Miami Port "B" 979.0356 .020 96 -14.64

WA 278 Miami Intl. AP "J" 979.0528 .038 29 -14.51

WA 11 Miami EAL "L" 979.0543 .039 57 -14.73

WA 13 Orlando AP "J" 979.2187 .204 09 -14.61

WA 464 Orlando McCoy AFB "' 979.2004 .185 84 -14.56

WA 461 Pompano Beach "N" 979.0864 .071 58 -14.82

WA 462 St. Augustine "0" 979.3418 .327 21 -14.59

WA 16 Tampa "J" 979.2044 .189 59 -14.81

.189 53* -1.4.87

WA 460 Vero Beach "J" 979.1737 .159 04 -14.66[ WA 17 West Palm Beach "J" 979.1333 .118 70 -14.60

GEORGIA

Atlanta, Emory U. "A" 979.5380 .523 57 -14.43

WA 470 Atlanta AP "J" 979.5206 .506 31 -14.29

WA 469 Atlanta AP "K" 979.5211 .506.90 -14.20

WA 18 Brunswick "J" 979.4494 .434 74 -14.66

WA 19 Columbus 979.5125 .507 31* -15.19 Site?

WA 20 Macon 979.5321 .517 48* -14.62

WA 99 Savannah "J" 979.4977 .483 08 -14.62

IDAHO

WA 21 Boise "J" 980.2082 .193 64 -14.56

*2L
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Table A-3(cont.)

United States (cont.)
Woollard
and Rose IGSN 71 DiE f

ILLINOIS

GW 23 Chicago "A" 980.2873 .272 62 -14.68

WA 101 Midway "J" 980.2864 .271 79 -14.61

WA 23 Springfield 980.0821 .067 43* -14.67

INDIANA

WA 103 West Lafayette 980.1469 .132 40* -14.50

IOWA

WA 220 Boone 980.3226 .307 59* -15.01

W 24 Cedar Rapids 980.2519 .237 35* -14.55

WA 221 Cleremont 980.3787 .363 93* -14.77

WA 222 Davenport 980.2521 .236 60* -15.50 site?

WA 25 Des Moines 980.1984 .184 41* -13.99 site?

WA 228 Sioux City "3" 980.3073 .292 98 -14.32

KANSAS

GW 52 Beloit 979.9981 .983 59* -14.51

WA 106 Wichita "J" 979.8408 .826 26 -14.54

KENTUCKY

WA 107 Lexington 979.8988 .884 12* -14.68

WA 26 Louisville "J" 979.9585 .943 67 -14.83

LOUISIANA

WA 108 Baton Rouge 979.3637 .349 01* -14.69

WA 230 Lake Charles 979.3324 .317 71* -14.69

WA 110 New Orleans "J" 979.3298 .314 94 -14.86

MAINE

WA 231 Augusta 980.5372 .522 54* -14.66

WA 457 Bangor "J" 980.5912 .576 45 -14.75

WA 458 Caribou "J" 980.7322 .717 49 -14.71

WA 232 Greenville 980.5895 .574 84* -14.66

MARYLAND

WA 112 Baltimore "M" 980.1034 .088 67 -14.73

MASSACHUSETTS

WA 114 Boston "0" 980.4036 .389 24 -14.36

WA 472 Hyannis 980.3400 .325 41* -14.59
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Table A-3(cont.)

United States (cont.)

Woollard
and gnma IGSN 71 Diff

GW 77A Woods Hole BM 980.3271 .312 49* -14.61

MI CI! I(VAN

Detroit

WA 116 "K" Willow Run AP 980.3188 .304 08 -14.72

WA 496 "L" Metropolitan AP 980.3190 .304 46 -14.54

MINNESOTA

WA 118 Minneapolis "K" 980.5950 .580 92 -14.08 Site?

MISSOURI

WA 120 Kansas City "J" 979.9998 .985 46 -14.34

WA 121 St. Louis "J" 980.0042 .989 52 -14.68

MONTANA

GW 25 Billings "A" 980.3710 .356 37 -14.63

WA 122 Billings AP "K" 980.3717 .357 37 -14.33

WA 123 Butte 980.1744 .159 88* -14.52

GW 34 Cutbank "B" 980.6085 .593 83 -14.67

WA 242 Glendive 980,6371 .622 44* -14.66

GW 4 Great Falls "A" 980. 269 .512 30 -14.60

WA 482 Great Falls "J" 980.5137 .499 11 -14.59

WA 243 Malmstrom AFB "K" .?<I 514 52 -14.58

WA 31 Helena 980.3778 .363 50* --14.30

WA 32 Kalispell 98(3 5818 .567 39* -14.41

WA 244 Miles City 980.5230 .508 55* -14.45

WA 127 Missoula 980.4440 .429 45* -14.55

WA 245 Stanford 980.4369 .422 55* -14.35

NEVADA

WA 39 Ely 979.4946 .480 08* -14.52

WA 450 Indian Springs 979.5560 .541 16* -14.84 Site

WA 128 Las Vegas "J" 979.6049 .590 37 -14.53

WA 40 Tonopah 979.4767 .462 25* -14.45

NEW JERSEY

WA 248 Newark 980.2415 .226 89* -14.61

OW 78 Princeton "A" 980.1783 .163 73 -14.57

GW 78A Princeton Univ "B" 980.1776 .163 06 -14.54

. .woo,
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Table A-3(cont.)

United States (cont.)
Wool lard
and Rose IGSN 71 Diff

WA 42 McGuire APB "J" 980.2128 .198 36 -14.44

NEW MEXICO

WA 130 Albuquerque "K" 980.2081 .193 51 -14.59

NEW YORK

New York City

WA 252 Idlewild "R" 980.2273 .212 59 -14.71

WA 133 Kennedy "K" 980.2261 .211 35 -14.75

WA 132 La Guardia "S" 980.2825 .267 77 -14.73

WA 14 Navy Yard "Q" 980.2721 .257 36 -14.74

WA 134 Syracuse "K" 980.3968 .382 08 -14.72

NORTH CAROLINA

WA 44 Charlotte "J" 979.7283 .713 43 -14.87 site?

WA 46 New Bern 979.7286 .714 16* -14.44

NORTH DAKOTA

WA 49 Bismarck "J" 980.6274 .612 75 -14.65

WA 50 Fargo "J" 980.7270 .712 66 -14.34

WA 51 Jamestown 980.6540 .639 34* -14.66

WA 447 Pembina 980.9166 .902 48* -14.12 site?

OHIO

WA 137 Cleveland 980.2322 .217 56* -14.64

WA 22 Columbus (Univ.) "C" 980.0961 .081 40 -14.70

WA 138 Columbus "J" 980.0791 .064 21 -14.89 site?

OKLAHOMA

GW 52 Tulsa Univ. 979.7661 .751 46* -14.64

OREGON

WA 140 Eugene 980.5148 .500 23* -14.57

WA 55 Pendleton 980.5117 .496 76* -14.94

WA 142 Portland "3" 980.6483 .633 62 -14.68

WA 56 Salem 980.5837 .569 03* -14.67

PENNSYLVANIA

WA 145 Pittsburgh "J" 980.0993 .084 46 -14.84

SOUTH CAROLINA

GW 90 Charleston "A" 979.5509 .536 35 -14.55

.. . . ° , .



Table A-3 (cont.)

United States (cont.)

Woollard
and Rose IGSN 71 Diff

WA 449 Charleston AP "J" 979.5667 .552 16 -14.54

WA 148 Charleston AP "K" 979.5668 .552 27 -14.53

WA 147 Charleston MATS 979.5675 .552 98 -14.52

WA 57 Florence "J" 979.6851 .670 34 -14.76

SOUTH DAKOTA

WA 59 Aberden 980.5438 .529 19* -14.61

U 1200 Huron (BM) 980.4530 .438 59* -14.41

WA 262 Sioux Falls "J" 980.3616 .347 49 -14.11

WA 64 Spearfish 980.2521 .237 98* -14.12

TENNESSEE

WA 149 Chatanooga 979.6505 .635 82* -14.68

TEXAS

CW 50 Amarillo "A" 979.4235 .409 11 -14.39

WA 67 Amarillo AP "J" 979.4234 .408 87 -14.53

WA 263 Beaumont 979.3149 .300 21* -14.69

WA 264 Childress 979.4881 .473 95* -14.15

WA 266 Dalhart 979.4,402 .425 51. -14.69

WA 154 Dallas "J" 979.5131 .498 41 -14.69

GW 18 Houston "A" 979.2983 .283 72 -14.58

WA 159 Houston "J" 979.2932 .278 66 -14.64

GW 18-A Houston "B" 979.2983 .283 72 -14.58

WA 160 Laredo "3" 979.0792 .064 61 -14.59

WA 68 Lubbock "J" 979.3228 .308 36 -14.44

GW 40 San Antonio "A" 979.1975 .182 73 -14.77

WA 162 San Antonio "J" 979.1976 .182 86 -14.74

WA 161 San Antonio "L" 979.1973 .182 57 -14.73

UTAH

WA 209 Ogden, Hill AFB "J" 979.8005 .786 08 -14.42

WA 163 Salt Lake City "L" 979.8070 .782 44 -14.56

WA 164 Vernal 979.6686 .653 80* -14.80

VERMONT

WA 165 Burlington 980.5181 .503 73 -14.37

VIRGINIA

WA 73 Richmond "J" 979.9534 .938 66 -14.74
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Table A-3 (cont.)

United States (cont.)

Woollardand Rose ICSN 71 Diff

WA 168 Roanoke 979.8076 .793 11 -14.49

WASHINGTON

GW 104 Seattle "A" 980.7388 .724 34 -14.46

WA 170 Seattle AP "K" 980.7765 .762 02 -14.48

WA 173 Spokane "K" 980.6463 .631 78 -14.52

WEST VIRGINIA

WA 174 Charleston 979.9259 .911 29* -14.61

WA 274 Huntington 979.9519 .937 65* -13.85 site?

WISCONSIN

C1 3 Madison "A" 980.3689 .354 22 -14.68

WA 76 Madison AP "J" 980.3725 .357 82 -14.68

WYOMING

GW 37 Casper Pend. 979.9558 .941 33* -14.47

WA 177 Casper AP "J" 979.9562 .941 59 -14.61

GW 38 Cheyenne "A" 979.7006 .686 18 -14.42

GW 37 Cheyenne "B" 979.7008 .686 30 -14.50

WA 178 Cheyenne AP "J" 979.7008 .686 23 -14.57

WA 276 Douglas 979.9533 .938 62* -14.68

GW 36 Sheridan "A" 980.2264 .212 05 -14.35

WA 179 Sheridan "J" 980.2265 .212 14 -14.36

- .- .
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Table A-4

Comparison of Woollard and Rose Gravimeter Values and IGSN 71

Values on an Areal Basis in Mexico

Wool lard
and Rose IGSN 71 Diff

BAJA CALIFORNIA SUR

WA 432 Santa Rosalita 978.1079 .092 45* -15.45

CAMPECHE

WA 406 Campeche 978.6519 .636 71* -15.19

WA 409 Ciudad del Carmen 978.5676 .552 80* -14.80

CHIAPAS

WA 435 Tapachula 978.3186 .304 97* -13.63

CHIHUAHUA
WA 417 Cindad Juarez 979.0b97 .055 26* -14.44

WA 429 Parral 978.537% .323 84* -13.36

COAHU ILA

WA 430 Saltillo 978.5785 .S63 70* -14.80

WA 437 Torrean 978.6399 .62 50* -14.40

DISTRITO FEDERAL

GW 43 Mexico Un. "A" 977.9414 .926 50 -14.90

GW 41 Tacubaya "D" 977.9419 .927 15 -14.75

WA 189 Int'1. AP "J" 977.9701 .955. 42 -14.68

WA 489 Int'l AP "L" 977.9705 .955 99 -14.51

GW 42 Paso de Cortes 977.5711 .556 36 -14.74

A "1

GW 42B Cortes Mon "C" 977.6536 .638 32 -15.28 Site?

JALISCO

WA 413 Guadalajara 978.2203 .207 66 '% -12.o4 Site?

NAYARIT

WA 436 Tepic 978.4682 .4V3 22' -14.98
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Table A-4 (cont.)

M xico (cont.) _ _ _ _ _ _ _ _
Wool lard

and Rose IGSN 71 Diff

NUEVO LEON

GW 21 Monterrey "A" 978.8055 .790 69 -14.81

WA 190 Monterrey AP "J" 978.8617 .847 05 -14.65

OAXACA

WA 435 Tehuantepec 978.4190 .404 04* -14.96

SAN LUIS POTOSI

WA 431 San Luis Potosi 978.2096 .194 70 -14.90
AP "J"

WA 492 San Luis Potosi 978.2097 .194 78 -14.92
"K"

WA 433 Tamuin 978.7589 .744 43* -14.47

SINOLA

WA 411 Culican 978.9315 .917 64* -13.86

WA 420 Los Mochis 978.0199 .005 75* -14.15

TABASCO

WA 441 Villahermosa 978.5278 .513 39* -14.41

TAMAULIPAS

WA 426 Nuevo Laredo "K" 979,0770 .062 55 -14.45

VERA CRUZ

WA 440 Vera Cruz 978.5613 .545 89* -15.41

YUCATAN

WA 423 Merida 978.6990 .683 51* -15.49
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Table A-5

Comparison of Woollard and Rose cravimeter Values and ICSN 71

Values on an Areal basis in Central America and the West Indies

Woollard
and gose TGSN 71 Diff

CENTRAL AMERICA

CANAL ZONE

WH 1056 Balboa Rodman NB "R" 978.2376 .222 54 -15.06

WH 1057 Cristobal 978.2536 .238 56* -15.04

GW 92 Ft. Clayton Pend. "A" 978.2417 .226 70 -15.00

US Pend Ft. Clayton Pend. "O" 978.2391 .224 00 -15.10

WA 4004 Albrook AFB "S" 978.2427 .227 72 -14.98

COSTA RICA

WA 4049 Golfito 978.2389 .223 98* -14.92

WA 4043 Liberia 978.1967 .181 79* -14.91

WA 4046 Los Chiles 978.2443 .229 37* -14.93

WA 4045 Nicoya 978,2728 .257 87* -14.93

WA 4007 San Jose "K" 978.9792 .964 36 -14.84

GUATEMALA

WA 4019 Chahel 978.3717 .356 74* -14.96

WA 4022 Dos Lagunas 978.4820 .467 02* -14.98

WA 4011 Guatemala C. "'K" 977.9815 .966 80 -14.70

W4A 4021 Santo Torbido 978.4020 .387 04* -14.9,

HONDURAS

WA 4034 Ruinas de Sopan 978.2140 .199 39* -14.61

WA 4012 Tegucigalpa 978.0869 .072 32* -14.58

NICARAGUA

wiA 4013 Managua 978.2858 .270 92* -14.88

Managua "K" 978.2858 .270 76 -15.04

WA 4036 San Juan del Sur 978.2609 .245 98* -14.92

WA 4037 Siuna 978.3258 .310 56* -15.24

PANAMA

WA 4050 David 978.1616 .146 60* -15.00

WA 4014 Panama, Tocumen AP 978.2665 .251 44* -15.06

. . • . • .
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Table A-', (cont.)

Central American and West Indies (cunt.)
Wool lard
and Rose I(;?r 71 Diff

WEST INDIES

CUBA

WA 4009 Guantanamo "K" 978.7451 .730 55 -14.55

LEEWARD ISLAND"

WA 4001 AnILiqUa "B" 978.6544 .618 91 .-15.48

PUERTO RICO

WA 4015 Ramey AFB "K" 978.6602 .645 01 -15.19 ?

WA 4016 San Juan "J" 978.6845 .669 88 -14.62

TRINIDAD

WA 4003 Port au Spain "J" 978.1622 .146 88 -15.32
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Table B

Comparison of Woollard and Rose GravimeLer Values and IGSN 71

Values on an Areal basis in South America

Woollard

and Rlose IGSN 71 Diff

ARCENTINA

WA 6001 Bahia Blanca "K" 980.0683 .052 78 +15.52

Bahia Blanca .0683 .052 88* +15.42

GW 98A Buenos Aires "A" 979.7048 .690 03 +14.77

Univ Meter. Obs. "C" 979,7060 .691 16 +14.84

WA 6002 Ezeisa AP "K" 979. 7317 .716 75 +14.95

WA 6005 Comodoro Riva. "K" 980.6634 .648 03 +15.37

WA 6004 Cordoba "K" 979.3271 .312 34 +14.76

Univ Base La Plata "D" 979 .7517 .736 85 +14.85

WA 6007 Mar del Plata 980.0181 .002 73 * +15.37

WA 6008 Oran "K" 978.6381 .623 48 +14.62

WA 6010 Rio Gallegos "K" 981.2066 .191 38 +15.22

Rio Gallegos .2066 .191 34* +15.26

WA 6011 Rio Grande "L" 981.4330 .417 22 +15.78

WA 6012 Salta "K" 978.4985 .483 95 +14.55

WA 6013 San Julian "L" 981.0137 .997 64 +16.06

WA 6014 Santa Cruz 981.0465 .030 24* +16.26

WA 6015 Santiago del Estero 979.0986 .084 33* +14.27

WA 6016 Tartagal 978.5938 .578 7q* +15.01

WA 6017 Trelew "K" 980.4539 .438 70 +15.20

WA 6018 Tucuman "K" 978.9060 .982 06 +13.94

Pend U7shuaia Pent. "A" 981.4807 .465 39 +15.31

BOLIVTA

WA 6165 Acension 978.3905 .375 55* 414.95

,A 6167 Camiri 978.3535 .338 73* +14.77

WA 6173 Cabija 978. 1685 .153 60* +14.90

WA 6162 Cochabamba 977.7945 .779 94* +14.56

GW 95 La Paz "A" 977.4671 .452 19 +14.91

WA 6134 Braniff AP "K" 977.3528 .338 00 +14.80

WA 6020 Pan Am AP "L" 977.3487 .334 02 +14.68

WA 6175 Magdalena 978.3308 .315 92* +14.88
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South America (cont.)

Woollard
and Rose IGSN 71 Diff

WA 6172 Riberalta 978.2378 .222 88* +14.92

WA 6169 San Ignaclo, M 978.3337 .318 76* +14.94

WA 6166 San Javier 978.3367 .321 82* +14.88

WA 6174 San Juaquin 978.2975 .282 52* +14.98

WA 6170 San Ana 978.3388 .323 85* +14.95

WA 6021 Santa Cruz "K" 978.3639 .349 07 +14.83

WA 6141 Santa Cruz "J" 978.3643 .349 44 +14.86

WA 6163 Sucre 977.7915 .776 70* +14.80

WA 6168 Trinidad 978.3374 .322 70* +1.4.70

BRAZIL

WA 6022 Acu 978.0839 .069 02* +14.88

WA 6023 Alegrete 979.2926 .277 41* +15.19

WA 6024 Anapolis 978.1489 .134 01* +14.89

WA 6026 Aracati 978.0979 .083 02* +14.88

WA 6027 Aracatuba 978.5808 .565 80* +15.00

WA 6028 Aragarcas 978.3196 .304 66* +14.94

WA 6030 Araquari 978.2764 .261 47* +14.93

WA 6031 Bage 979.4128 .397 58* +15.22

GW 108 Belem "A" 978.0374 .022 24 +15.16

WA 6032 Belem AP "K" 978.0342 .018 97 +15.23

WH 1012 Tide Gage "0" 978.0397 .024 59 +15.11

WH 1055 Pier "N" 978.0399 .024 63 +15.27

WA 6033 Belo Horizonte 978.4003 .385 50* +14.80

WA 6035 Brasilia "K" 978.1013 .086 07 +15.23

WA 6142 Brasilia "J" 978.1001 .084 92 +15.18

WA 6036 Caceres 978.3968 .381 84* +14.96

WA 6037 Campo Grande 978.5065 .491 52* +14.98

WA 6039 Campos "J" 978.7326 .717 49 +15.11

WA 6041 Caravelas "J" 978.5270 .511 46 +1.5.54

WA 6042 Carolina "J" 978.0461 .031 11 +14.99

WA 6029 Conceicao A 978.0449 .030 03* +14.87

WA 6043 Cruz Alta 979.1207 .105 55* +15.15

WA 6044 Cruzeiro do Sul 978.1081 .093 21* +14.89

WA 6045 Cuiaba 978.3590 .344 05* +14.95



Table B (cont.)

South America (coant.)
Woollard
and Rose IGSN 71 Diff

WA 6046 Curitiba 978.7895 .774 45* +15.05

WA 6047 Esplanada 978.2614 .246 48* +14.92

WA 6048 Fazenda Si Juan 978.4820 .467 02* +14.98

WA 6051 Florinapolis "J" 979.1338 .118 93 +14.87

WA 6053 Fortaleza "J" 978.0822 .067 81 +14.39 site?

WA 6055 Goiania "J" 978.2403 .225 40 +14.90

WA 6056 Grajau 977.9848 .969 95* +14.85

WA 6057 Guajara Mirim 978.2172 .202 28* +14.92

WA 6058 Iquassu Falls 978.9191 .904 01* +14.99

WA 6059 llheus 978.4617 .446 87* +14.83

WA 6060 Imperatriz 978.0195 .004 39* +15.11

WA 6154 Itacoatiara 978.0165 001 64* +14.86

WA 6061 Joao Pessoa "J" 978.1443 .129 03 +15.27

978.1443 .129 18* +15.12

WA 6062 1,ivramento 979.3357 .320 50* +15.20

WA 6155 Londrina 978.6518 .636 77* +15.03

WA 6063 Maceio 978.1429 .128 07* +14.83

WA 6064 Manaus "J" 978.0213 .006 16 +15.14

978.0213 .006 27* +15.03

WA 6065 Maraba 978.0364 .021 53* +14.87

WA 6066 Mossoro 978.0926 .077 45* +15.15

WA 6067 Natal 978. 1151 .099 85* +15.25

WA 6068 Paracatu 978.2596 .244 67* +14.93

WA 6069 Parana 978.1699 .155 00* +14.90

WA 6070 Parnaiba 978.0372 .020 62* +16.58 site?

WA 6071 Paulo Afonso 978.0951 .081 79* +14.31

WA 6072 Peixe 978.1981 .183 03* +15.07

WA 6074 Porto Alegre "J" 979.3158 .300 78 +15.02

WA 6159 Porto Guaira 978.8091 794 03* +15.07

WA 6075 Porto Nacional ".T" 978.1605 .145 44 +15.06

WA 6076 Porto Seguro 978.4661 .451 12* +14.98

WA 6077 Porto Velho 978.1444 .129 51* +14.89

WA 6079 Recife "J" 978.1.665 .151 25 +15.25
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South America (cont.)
Woollard
and Rose IGSN 71 Diff

WIT 1059 RWarbor "M" 978.1777 .162 52 +15.18

WA 6080 Rio Branco 978.1582 .143 30* +14.90

GW 109 Rio de Janeiro "A" 978.8047 .789 90 +14.80

WA 6082 Galeao AP "J" 978.7978 .783 05 4.14.75

WA 6081 S. Dumont "L" 978.8084 .793 55 +14.85

WH 1060 Pier Praca N. "0" 978.8076 .792 78 +14.82

WA 6083 Salvador "J" 978.3443 .329 43 +14.87

WA 6084 Santa Maria 979.2771 .261 91* +15.19

WA 6153 Santaren 978.0468 .031 93* +14.87

WA 6086 Sao Borja 979.2040 .188 84* +15.16

WA 6151 Sao Luis 977.9901 .975 52* +14.58

WA 6088 Sao Mateus 978.5719 .556 90* +15.00

WA 6090 Sao Paulo "M" 978.6508 .635 56 +15.24 site?

978.6508 .636 23* +14.57

WA 6091 Sena Madureira 978.1569 .142 00* +14.90

WA 6092 Tarauaca 978.1403 .125 41* +14.89

WA 6149 Tefe "J" 978.0472 .031 88 +15.32

WA 6093 Teresina 978.0320 .01710* +14.90

WA 6094 Tocantinapolis 978.0440 .029 13* +14.87

WA 6095 Tocantinia 978.1092 .094 31* +14.89

WA 6096 Tres Lagos 978.5717 .556 70* +15.00

WA 6097 Uberaba 978.3609 .345 39* +15.51

WA 6158 Uruguiana 979.3075 .292 31* +15.19

WA 6100 Villa Bella 978.3408 .325 85* +14.95

WA 6101 Vitoria "J" 978.6537 .638 25 +15.45

WA 6102 Xabantina 978.2837 .268 77* +14.93

WA 6103 Xapuri 978.1898 .174 89* +14.91

CHILE

GW 99 Antofogasta "A" 978.9045 .889 52 +14.98

WA 6105 CerroMoreno AP "K" 978.8853 .870 30 +15.00

WA 6135 OldAP "L' 978.8830 .868 04 +14.96

WA 6106 Arica, Old AP "N" 978.5111 .495 82 +15.28

WA 6144 Intl AP "L" 978.4939 .478 54 +15.36

:.7 4
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South America (cont.) _ _ _ _ _ _ 8_Gm._._)_

Woo lard
and Rose IGSN 71 Diff

WA 6160 Concepcion 979.9698 .954 44* +15.36

WA 6147 Puerto Montt "J" 980.2976 .282 22 +15.38

WA 6148 Chameza AP "K" 980.3041 .288 74 +15.36

GW 97 Punta Arenas "A" 981.3159 .300 49 +15.41

WA 6108 Chabunco AP "K" 981,3122 .296 70 +15.50

WA 6136 Chabunco AP "L" 981.3130 .297 61 +15.39

WH 1019 Port Adm. "N" 981.3363 .320 81 +15.49

GW 96 Santiago "A" 979.4294 .414 11 +15.29

WA 6110 LosCerillos AP "K" 979.4500 .434 68 +15.32

WA 6109 LosCerillos "J" 979.4493 .434 24 +15.06

WH 1020 Valparaiso Pier "K" 979.6362 .620 87 +15.33

WH 1058 Valpariso L. H. "L" 979.6342 .618 90 +15.30

COLOMBIA

WA 6111 Barranquilla "J" 978.2265 .211 56 +14.94

WH 1066 Port "K" 978.2393 .224 27 +15.03

GW 106 Bogota "A" 977.4049 .390 11 +14.79

WA 6112 Techo AP "J" 977.4017 .386 91 +14.76

WA 6145 Eldorado AP "K" 977.3954 .380 59 +14.81

WA 6113 Cali "J" 977.8197 .804 8q +14.81

WA 6114 Cartagena 978.1965 .181 59* +14.91

WA 6181 Chafurray 977.9887 .973 84* +14.81

WA 6116 Ipiales 977.2532 .238 53* +14.67

Pend Mcdellin 977.7547 .740 66* +14.24 site?

WA 6118 Pereira 977.7740 .759 20* +14.80

WA 6119 Popayan "K" 977.5998 .584 49 -15.31 site?

WA 61.79 San Juan 977.8964 .881 57' +14.83

WA 6178 Villavicencio 977.8676 .852 77 , +14.83

ECUADOR

WA 6120 Guayaquil "M" 978.1391 .123 71 +15.39

WA 6146 Guayaquil AP "K" 978.1447 .129 34 +15.46

WA 1067 Pier "N" 978.0918 .076 30 +15.50

WA 6177 Manta 978.1017 .086 81* +14.89

GW 106 Ouito "A" 977.2777 .263 19 +14.51
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South America (cont.)

Woollard

and Rose IGSN 71 Diff

WA 6121 Panagra AP "J" 977.2860 .271 44 +14.56

WA 6139 Mariscal Sucre AP 977.2849 .270 38* +14.52

FRENCH GUIANA

IqA 6122 Cayenne 978.0387 .023 83* +14.87

GUYANA
(British Guiana)

WA 6104 Georgetown "K" 978.0909 .075 55 +15,35

FA 6143 New Term."J" 978.0911 .075 70 +15.40

WI 1062 Harbor "L" 978.1179 .102 48 +15.42

PARAGUAY

WA 6123 Assuncion "J" 978.9583 .943 12 +15.18

PERU

rTA 6124 Arequipa "K" 977.7165 .701 73 +14.77

WA 6125 Iquitos "J" 978.0876 .072 11 +15 49

(. 93 Lima "A" 978.2830 .267 94 +15.06

WA 6126 imatambo AP "J" 978.2791 .264 08 +15.02

WA 6160 Callao Intl "K" 978.3072 .292 18 +15.02

WH 1068 Callao Pier "M" 978.3127 .297 79 +14.91

WA 61.76 Pucallpa 978.0550 .040 13* +14.87

WA 6127 Talara 978.1336 .118 64* +14.96

SURINAM

WA 6128 Paramaribo "J" 978.0471 .033 50 +13.60 site?

UJRA(;UTAY

WA bl29 Montevideo "K" 979.7465 .731 56 -14.94

VENEZUELA

YA 6130 Barcelona Q78.1505 .135 (3 +14.8 7

WA 6193 Caicara 978.1247 .111 08* +13.62 site?

W4A 6191 Calabazo 978.1679 .153 69* +14.21 site?

SC' 107 Caracas "A" 978,0399 .024 72 15. 18

.A 6131 Maiquetia AP "K" 978.2460 .231 06 414. 94

1.71 i071 La Guavra, Hrb. "L" 978.2522 .237 24 +14.96

WA 6185 Casigua 978.1170 .1o2 12* +14.88

'4A 619n Coro 978.2374 .222 48* +14.92
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South America (cont.)
Woollard
and Rose IGSN 71 Diff

WA 6133 Matuiria "J" 978.0112 .966 31 +14.89

WA 6187 Merida 977.7506 .735 92* +14.68

WA 6194 Puerto Paez 978.0818 .066 92* +14.88

WA 6184 San Antonio 977.9430 .927 57* +15.43 site?

WA 6192 San Fernando Aoure 978.1412 .126 30* +14.90
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Table C

Comparison of Woollard and Rose Gravimeter Values and ICSN 71

Values on an Areal Basis in Europe

Woollard IGSN 71 Diff.

and Rose Mgal

CYPRUS

Pend. Nicosia 979.8492 .83449* +14.71

DENMARK

GW 64 Copenhagen "B" 981.5577 .54319 +14.51

WA 5004 Kastrup AP "J" 981,5573 .54275 +14.55

WA 5059 Kastrup AP "L" 981.5568 .54226 +14.54

EIRE (Ireland)

Pend. Base Dublin (Dunsink Obs.) 981.3891 .37478* +14.32

FINLAND

Pend. Base Helsinki "A" 981.9152 .90059 +14.61

WA 5019 Seutula AP "S" 981.9248 .91009 +14.71

FRANCE

WA 5022 Bordeaux 980.5816 .56694* +14.66

WA 5023 Marseille "J" 980.4850 .47355 +14.45

GW 114 Paris "A" 980.9409 .92597 +14.93

Gm Base Obs. "B" 980.9434 .92865 +14.75

Nat'l Base Obs. "E" 980.9432 .92829 +14.91

WA 5058 Orly AP "N" 980.9160 .90101 +1.4.99

WA 5024 Le Bourget AP "J" 980.9502 .93534 +14.86

ITALY

WA 5032 Naples "R" 980.2568 .24204 +14.76

G W 61 Rome "A" 980.3639 .34923 +14.67

. -'I .{ -
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Table C (cont.)

Europe (cont.)
Woullard IGSN 71 Diff.

and Rose Mgal

Nat'l Base Rome "B" 980.3619 .34722 +14.68

Roca de Papa Obs. "C" 980.1929 -.17843 +14.47

WA 5033 Clampino Est "J" 980.3489 .33427 +14.63

WA 5034 Ciampino Ovest "M" 980.3478 .33319 +14.61

WA 5060 Fitunicino Int'l "N" 980.3765 .36176 +14.74

NETHERLANDS

WA 5036 Amsterdam "J" 981.2882 .27340 +14.80

Pend. DeBilt Obs. 981.2693 .25456* +14.74

NORWAY

GW 117 Bodo "A" 982.3873 .37265 +14.65

WA 5037 Airport "J" 982.3876 .37297 +14.63

GW 118 Hamnmerfest "A" 982.6324 .6t762 -14 .78

Wit 1045 Indrefjord "J" 98).6301 .61548 +14.62

GW b8 Oslo "A" 981.9272 .91261 -4 4.9

WA 5038 Fornebu AP "J" 981.9367 .91620 +14. 50

WA 5039 'Tromso "K" 982.5710 .55711 +13-89 site?

Pend. Trondheim "A" 982.1614 .14674 +14.66

WA 5040 Vaernes AP "K" 982.1523 .13779 +14.51

PORTUGAL

GW 110 Lisbon "A" 980.0903 .07573 +14.57

WA 504L Airport "K" 960.0796 .06512 +14,.48

SPAIN

P 'nd. Madrid Astro. Obs. "A" 919.9812 .96652 +14.t68

Gw Base ICC "C" 97').9703 .95561 +1 6(
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Table C (cont.)

Europe (cont.)
Woollard IGSN 71 Diff.

and Rose Mgal

WA 5049 Barajas AP "J" 979.9988 .98414 +14.64

WA 5051 TorreJon AFB "M" 980.0072 .99251 +14.69

SWEDEN

Pend. Stockholm "A" 981.8465 .83143 +15.07

WA 5053 Bromma AP "J" 981.8455 .83066 +14.84

SW ITZERLAND

WA 5054 Geneva "J" 980.5889 .57444 +14.46

Pend. Zurich Geod. Inst, "A" 980.6670 .65213 +14.87

WA 5055 Kloten AP "J" 980.6871 .67216 +14.92

UNITED KINGDOM

Pend.Sta. Aberdeen Univ. 981.6998 .68482* +14.98

Pend.Sta. Cambridge Univ. 981.2688 -25394* +14.86

Pend.Sta, Edinburgh Obs. "A" 981.5839 .56897 +14.93

WA 504.7 Prestwick AP "J" 931.5784 .56351 +14.89

WA 5046 Prestwick MATS "K" 981.5758 .56113 +14.67

WA 5044 Glasgow "N" 981.6018 .58692 +14.88

GW 67 Teddington "A" 981.1966 .18178 +L4.82

WA 5012 London AP (1) "J" 981,2003 .18558 +14.72

WA 5013 Old Term. "M" 981.2017 .18704 +14.66

Pend. York 981.4183 .40380* +14.50

WEST GERMANY

GW 63 Bad Harzburg "A" 981.1803 .16550 +14.80

GW 63A Braunschweig "C" 981.2668 .25184 +14.96
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Table C (cont.)

Europe (cont.)
Wool lard IGSN 71 Diff.
and Rose Mgal

GW 62 Frankfurt "A" 981.0610 .04632 +14.68

WA 5028 Airport "J" 981.0571 .04243 +14.67

;WA 5064 Hamburg "J" 981.3943 .37969 +14.61

WA 5063 Hannover "K" 981.2875 .27261 +14.88



128

Table D

Comparison of Woollard and Rose Gravimeter Values and IGSN 71

Values on an Areal Basis in Africa

Woollard IGSN: 71 Diffo

and Rose Mgal

ALGERIA

WA 1001 Algiers "J" 979.9057 .89139 +14.31

EGYPT

WH 1023 Alexandria Port 979.4331 .41921h'," +13.89 site?

GW 69 Cairo "B" 979.2915 .27676 +14.74

WA 1002 Farouk AP "L" 979.3160 .30125 +14-75

WA 1004 Fort Said "K" 979.4528 .43764 +15.16

.IH 1026 Suez 979.3069 .29221* +14.69

ETHIOPIA

W 1006 Addis Ababa "L" 977.4783 .46196 +14.34

GW 76 Asmara "A" 977.8194 .80)45 +13.95

WA 1005 Mun. AP "J" 977.8224 .8u826 +14.14

WA 1007 Debra Markus 977,5107 .49416, +15.54 site?

WA 1008 Gondar 977.7060 .65126* +14.74

WA 1009 Tesseni "J" 978.1902 .17580 +14.40

GAMB IA

WA 1011 Bathurst "J" 978.3535 .33875 +14.55

GHANA

GW 112 Accra "A" 978.1059 .09141 +14.49

WA 1012 Airport "J" 978.1153 .10052 +14.78

GUINEA

WA 1036 Conakry "J" 978.2264 .21094 +15.46
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Table D (cont.)

Africa (cont.)
Woollard IGSN 71 Diff.
and Rose Mgal

KENYA

GW 71 Nairobi "A" 977.5403 .52607 +14.23

Camb. Bullard (L) "C" 977.5279 .51375 +14.15

WA 1014 Eastleigh "J" 977.5430 .52877 +14.23

WA 1015 West Civil "K" 977.5357 .52151 +14.19

LIBYA

WA 1019 Benghazi 979.5264 .51170* +14.70

GW 60 Tripoli "A" 979.5876 .57272 +14.88

WA 1021 Idris AP "L" 979.5379 .52300 +14.90

WA 1020 Wheeler AFB "K" 979.5876 .57274 +14.86

MALAGASY

WA 9006 Tananarive "J" 978.2166 .20242 +14.18

MOROCCO

wA 1023 Casablanca "J" 979.6428 .62796 +14.84

WA 1026 Tangier "J' 979.7492 .73401 +15.19 site?

MOZAI4B IQIFE

WA 10?7 Beira 978.6252 .61049* +14.71

WA 1028 Lourenco Marques 979.0527 .03801* +14.69

N IGERIA

WA 1029 Kano "J" 978.1357 .12092 +14.78

RHODESIA

WA 1042 Bulawayo "J" 978.2921 .27754 +14.56

WA 1043 Salisbury "J" 978.1484 .13414 +14.26

Pend. Salisbury "A" 978.1481 .13365 +14.45

Pend. Victoria Falls 978.2314 .21689* +t4.51

'- -..... .... ri ... ..., . ... " ... * ' -- ' ' -""" ' ... ' ........ ' " *-' " ' - a " '- '": "i... Il~ il
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Table D (cont.)

Africa (cont.)
Woollard IGSN 71 Diff.

and Rose Mgal

SENEGAL

cW ill Dakar Mbour "B" 978.3852 .37039 +14.81

WA 1010 Yof AP "J" 978.4772 .46242 +14.78

SOMALI

WA 1041 Mogadiscio 978,0779 .06318* +14,72

SOUTH AFRICA

WA 1055 Bloemfontein 978,8537 .83900* +14.70

GW 74 Capetown "A" 979.6473 .63271 +14.59

Pend. Royal Obs. "B" 979.6535 .63893 +14.57

WA 1057 Malam AP "J" 979.6462 .63145 +14.75

WA [056 Wingfield AP "L" 979.6494 .63484 +14.56

c(W 73 Johannesburg "A" 978.5495 .53546 +14.04

WA 1062 L. Smuts AP "K" 978.5503 .53610 +14.20

WA 1063 Kimberley"J" 978.8881 .87371 +14.39

WA 1067 Port Elizabeth 978.6514 .63571* +15.69 site?

Pend. Pretoria "A" 978.6296 .61530 +14.30

WA 1071 Uppington 978.9831 .97040 +14.70

SOUTHWEST AFRICA

WA 1065 Ohopoho 978.2136 .19887* +14.73

WTA 1070 Tsumeb 978.2209 .20619* +14.71

WA 1022 Windhoek 978.3210 .30629* +14.71

SUDAN

GW 70 Khartoum "B" 978.3034 .28867 +14.73

GW 70A Univ. Pend. "A" 978.3033 .28864 +14.66

WA 1045 Airport "L" 978.3034 .28865 +14.75
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Table D (cont.)

Africa (cont.)
Woollard ICSN 71 Diff.
and Rose Mgal

WA 1047 Port Sudan "K" 978.6404 .62599 +14.41

TANZANIA

WA 1048 Dar es Salaam "K" 978.1165 .10011 +16.39 site?

WA 1049 Dodoma 977.7535 .73930* +14.20

WA 1050 Mbeya "K" 977.6840 .66989 +14.11

WA 1051 Moshi "K" 977.7720 .75788 +14.12

WA 1052 Tabora "J" 977.6844 .66995 +14.45

TUNISIA

W11 1054 Sfax Harbor 979.7267 .71202* +14.68

WA 1053 Tunis 979.9061 .89992* +16.18 site?

UGANDA

WA 1054 Entebbe "J" 977.7241 .70984 +14.26

ZAIRE (CONGO)

(V 113 Leopoldville "A" 977.9146 .89982 +14.78

WA 1037 InL'l. AF "J" 977.9518 .43713 +14.67

WA 1038 Ndjili AP "M" 977.9429 .92820 +14.70

ZAMBIA (N. RHODESIA)

WA 1030 Abercorn "J" 977.6701 .65662 +14.06

WA 1031 Kasama "J" 977.7877 .77354 +14.16

W.JA 1033 Lasapa "J" 978.0534 .03932 +14.08

WA 1034 Ndola "K" 977.9126 .89830 +14.30
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Table E

Comparison of Woollard and Rose Gravimeter Values and IGSN 71

Values on an Areal Basis in Southwest Asia and South Asia

Woollard IGSN 71 Diff.

and Rose Mj;al

BAHREIN

WA 2002 Muharraq 979,0147 .99963 * +15.07

CEYLON

Colombo

Pend. Met. Obs. "B" 978.1328 .11724 +15.56

Pend. rr. Consul "C" 978.1403 .12454 +15.76

WA 2004 Ratmalana AP "J" 978.1323 .11690 +15.40

INDIA

WA 2010 Amritzar "J" 979.3484 .339)06 +13.34 site?

Pend. Bangladore "A" 978.0294 .01389 +15.51

WA 2011 Bangladore "J" 978.0387 .02314 +15.56

WA 2013 Calcutta "J" 978.8077 .79281 +14.89

Nat'l Base Dehra Dun "A" 979.0636 .04909 +14.51

1WA 2016 Iyderabad "J" 978.3347 .31958 +15.12

WA 2017 Jalmu 979.3041 .29004* +14.06

Pend. Madras "A" 978.2818 .26658 +15.25

WA 2018 Madras AP "J" 978.2804 .26516 +15.24

04 59 New Delhi "A" 979.1363 .12155 +14.75

WA 2019 Palam AP '3" 979.1341 .11938 +14.72

WA 2020 Willingdon AP "K" 979.1379 .12316 +14.74

WA 2021 Srinagar 979.0443 .03013 +14.17

,,h sh
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Table E (co,,t.)

Southwest Asia and South Asia (cont.)
Woollard IGSN 71 Diff.

and Rose _Mgal

IRAN

WA 2023 Tehran "J" 978.4491 .43068 +18.42 site?

IRAQ

WA 2024 Ain Zalsh 979.7840 .76933* +14.6/

WA 2025 Baghdad 979.5469 .53222* +14.68

WA 2026 Basrah 979.3240 .30931* +14,69

WA 2027 Kirkuk 979.5991 .64272* +14.68

KUWAIT

WA 2049 Al Kuwait 979.2688 .25411* -14.69

LEBANON

Pend. Beirtit "A" 979.6909 .67625 +14.65

WA 2050 Khalde API "J" 979.6934 .67864 +14.76

WA 2051 Khalde AP2 "K" 979.6922 .67744 +14.76

PAKISTAN

WA 2059 Karachi 978.9620 .94730* +14.70

QATAR

WA 2064 Dukhan 978.9528 .93810* +14.70

SAUDI ARABIA

WA 2067 Abu Radriyah 979.1084 .09370* +14.70

WA 2068 Dhahran 978,9990 .98430* +14.70

WA 2069 Jidda 978.7556 .75222* +13.38 slt?'

WA 2070 Ras At Mishab 979,1696 .15491* +14.69
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Table E (cont.)

SouLhwest Asia and South Asia (cont.-)

Woollard TGSN 71 Diff.
and Rose Mgal

TRUCIAL STATES

WA 2075 Sharjah 978.9026 .68790* +14.70

TURKEY

WA 2076 Ankara "W' 979.9500 .93548 +14.52

WA 2077 Izmir 980.0231 .00842* +14.68

YEMEN

WA 2001 Aden "J" 978.3179 .30432 +13.58 site?
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T:ble F

Comparison of Woollard and Rose Cravimeter Values and IGSN 71

Values on an Areal Basis in Southeast Asia and East Asia

Woollard IGSN 71 Diff.

and Rose Mgal

CAMBODIA

WA 2003 Phnom Penh "J" 978.2390 .22308 +15.82

FEDERATION OF MALAYSIA

Sabah (North Borneo)

WA 2054 Jesselton 978.1279 .11318* +14.72

WA 2055 Labuan Is. 978.0960 .08128* 414.72

WA 2056 Sandakan 978.0914 .07668* +14.72

Sarawak

WA 2065 Kuching 978.0763 .06158* 1f14.72

WA 2066 Sibu 978.0790 .06428* +14.7"

HONG KONG

Gv 101 Am. Consulate "A" 978.7677 .75231 +15.39

WA 2008 Kai-Tak AP "J" 978.7730 .75766 +15.34

Pend. Kowloon Roy. Obs. "B" 978.7712 .75585 +15.35

INDONESIA

WA 3045 Djakarta 978.1644 .1496S-.', +14.72

NEW CALEDONIA

WA 7016 Tontouta 978.8500 .84430* +14.70

NEW GUINEA AREAaind
B ISMARCK ARCH IPELAGO

New Britain Is.

WA 3011 Rabaul 978.1643 .15001* +14.2u
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Table F (cont.)

Southeast Asia and East Asia (cont.)
Woollard ICSN 71 Diff.

and Rose Mgal

New Ireland Is.

WA 3081 Kavieng 978.1668 .15208* +14.72

jaua

WA 3069 Port Moresby "J" 978.2129 .19833 +14.57

Terr. of New Guinea

WA 3084 Aitape 978.1707 .1359 8 * +14.72

WA 3077 Goroka 977.6994 .68467* +14.73

WA 3076 Lae 978.0140 .99614* +17.86 site?

WA 3078 Madang 977.9701 .95504* +15.06

WA 3086 Vanima 978.1997 .18498* +14.72

WA 3079 Wewak 978,0965 .08158* +14.92

West Irian

WA 3098 Biak Is. 978.1237 .10898* +14.72

WA 3097 Hollandia 978.1721 .15737* +14.73

WA 3099 Manokwari 978.0869 .07218* +14.72

WA 3068 Noemfoor Is. 978.1409 .12618* +14.72

WA 3096 Sarmi 978.1461 .13137* +14.73

WA 3101 Sorong 978.1401 .12537* +14.73

PHILIPPINES

GW 58 Clark AFB "A" 978.3969 .38230 +14.60

WA 2061 Clark MATS "J" 978.3965 .38183 +14.67

WA 2062 Manila Intl. AP "K" 978.3767 .36192 +14.78

WH 1048 Manila Pier "N" 978,3562 .34142 +14.78

W*
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Table F (cont.)

Southeast Asia and East Asia (cont.)
Woollard IGSN 71 Diff.
and Rose !gal

S INGAPORE

GW 102 Univ. Malaya "A" 978.0815 .06668 +14.82

Pend. Raffles Mus. "B" 978.0809 .06604 +14.86

WA 2071 Changi RAF "E" 978.0801 .06521 +14.89

WA 2072 Kallang AP "J" 978.0817 .06681 +14.89

WA 2073 Paya Lebar "L" 978.0804 .06561 +14.79

SOLOMON ISLANDS

WA 3075 Honiara 978.2742 .25q84* +14.36

WA 3073 Munda 978.2541 .23938: +14.72

TAIWAN

WA 2007 Taipei "J" 978.9725 .95946 +i3.04 site?

THAILAND

WA 2074 Bangkok "J" 978.3297 .31485 +14.85

VIETNAM

WA 2078 Hanoi 978.6888 .67409* +14.71

WA 2079 Hue 978.4367 .42198* +14.72

WA 2080 Nha-Trang 978.2624 .24769* +14.71

WA 2081 Saigon "J" 978.2300 .21509 +14.91

EAST ASIA

JAPAN

WA 2032 Itani ".j" 979,7171 .70375 +13.35 site ?

WA 2033 Iwakuni 979.6522 .63752* +14.68

Pend. Kyoto "A" 979.721b .70727 414.33
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Table F (cont.)

Southeast Asia and East Asia (cont.)
Woollard IGSN 71 Diff.
and Rose Mgal

WA 2034 Misava 980.3200 .30534* +14.66

WA 2035 Tachikawa "S" 979.7880 .77398 +14.02

GW 103 Tokyo "A" 979.8016 .78722 +14.38

WA 2037 Haneda AP "L" 979.7736 .75916 +14.44

CW 103 Sapporo "B" 980.4406 .42735 +13.25

WA 2030 Chitose AP "J" 980.4405 .42734 +13.16

SOUTH KOREA

WA 2045 Pusan 979.7780 .77405* +13.95

WA 2047 Seoul "K" 979.9722 .95847 +13.73

Seoul "J" .9722 .95863 +13.57

OKINAWA

GW 100 Kadena "A" 979.1265 .11222 +14.28

WA 2057 Kadena MATS "J" 979.1343 .11992 +14.38

I I ,
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Table c

Comparison of Woollard and Rose Gravimeter Values and IGSN 71

Values on an Areal Basis in Australia and New Zealand

Woollard IGSN 71 Diff
and Rose Mgal

AUSTRALIA

Pend. Adelaide 979.7243 .709 20* +15.10

WA 3003 Alice Springs "J" 978.6541 .639 39 +14.71

GW 85 Brisbane "B" 979.1695 .155 16 +14.34

GW 85 A Univ. Seismic Sta. "A" 979.1701 .155 93 +14.17

WA 3004 Eagle Farm AP "J" 979.1599 .145 57 +14.33

WA 3067 Archer AP "K" 979.1683 .154 11 +14.19

GW 87 Cairns "A" 978.5006 .486 24 +14.36

WA 3009 Carnovan 978.9447 .928 83* +15.87 site?

WA 3010 Ceduna 979.4534 .438 07* +15.33

WA 3059 Daly Waters 978.3892 .374 87 +14.33

GW 88 Darwin "A" 978.3140 .299 55 +14.45

WA 3058 RAF Club "B" 978.3164 .301 92 +14.48

WA 3014 Airport "J" 978.3154 .300 93 +14.47

WA 3015 Derby 978.5207 .505 69* +15.01

WA 3016 Forrest 979.3068 .292 26* +14.54

WA 3022 Kalgoorlie 979.2911 .276 95* +14.15

WA 3025 Leigh Creek 979.3204 .306 76* +13.64 site?

WA 3026 Mackay 979.7339 .720 77* +13.13 site?

WA 3027 Maryborough "A" 979.0219 .007 32 +14.58

GW 83 Melbourne "A" 979.9797 .965 18 +14.52

WA 3028 Essendon AP "J" 979.9628 .948 21 +14.59

Kallista For. R."S" 979.9100 .895 38 +14.62

WA 3031 Mount Isa "J" 978.6190 .604 41 +14.59

WA 3033 Oodnadatta 979.1006 .086 44* +14.16

WA 3034 Onslow 978.7749 .758 81* +16.09 site?

Pend Perth Univ "A" 979.3958 .380 86 +14.94

WA 3035 Airport "K" 979.4011 .386 32 +14.78

WA 3036 Port Hedland 978.6466 .631 50* +15.10

Pend Rockhampton "A" 978.8707 .856 06 +14.64

WA 3038 Airport "J" 978.8738 .859 35 +14.45
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Table C (cont.)

Australia - New Zealand (cont.)

IGSN 71 Diff
Mgal

GW 84 Sydney "A" 979.6863 .671 86 +14.44

WA 3042 Kingsford S. "J" 979.6993 .684 80 +14.50

WA 3041 Rose Bay "L" 97q.6965 .681 98 +14.52

WA 3042 Tennant Creek 978.5290 .513 69* +15.31

GW 86 Townsville "B" 978.6247 .610 43 +14.27

WA 3043 Airport "C" 978.6240 .609 66 +14.34

WA 3044 Wyndham 978.4171 .402 18* +14.92

NEW ZEALAND

Pend Auckland Mus."B" 979.9487 .934 11 +14.59

WA 3047 Whenuapai AP "C" 979.9408 .926 04 +14.76

CGW 79 Christchurch "A" 980.5089 .494 29 +14.61

WA 3103 Intl. AP "L" 980.4962 .481 59 +14.61

WA 3049 Harewood AP "K" 980.4962 .481 47 +14.73

, V, 89 Dunedin "A" 980.7424 .727 53 +14.87

WA 3051 Taieri AP "C" 980.7366 .721 75 +14.85

WA 3053 Hastings 980.0881 .073 87* +14.23

GW 81 Wellington "C" 980.2934 .279 09 +1.4.31

Pend Base Wellington DSIR "A" 980.2656 .251 00 +14 60

WA 3058 Rongotai AP "K" 980.3064 .292 01 +14.39
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Table H

Comparison of Woollard and Rose Gravimeter Values and IGSN 71

Values on an Areal Basis in Oceanic Islands

Woollard IGSN 71 Diff.

and Rose Mgal

ATLANTIC AREA

ASCENSION

WA 7001 Ascension Is. "J" 978.2943 .27939 +14.91

AZORES

WA 7002 Lages, Terceira "J" 980.1762 .16142 +14.67

WA 7003 Santa Maria "L" 980.1167 .10235 +14.35

BERMUDA

WA Kirdley "J" 979.8093 .79402 +15.28

WH 1007 Biol. Sta. "P" 979.8232 .80807 +15.13

GREENLAND

WA 319 Sondre Stromfjord "J" 982.3843 .37011 t14.1,)

WA 320 Thule "J" 982.9280 .91375 +14.25

ICELAND

WA 7006 Keflavik "K" 982.2744 .25943 +]4.97

Natil Base Reykjavik "A" 982.2800 .26496 +15.04

WA 7007 Reykjavik AP "L" 982.2784 .2333 +15.07

WH 1035 Reykjavik Pier "J" 982.2813 .26634 +14.96

PACIFIC AREA

FIJI

WA 7010 Nandi "J" 978.5471 .53281 +14.29

WA 7009 Suva 978.6242 .60939* +14.81

GUAM

WA 7011 Agana NAS "J" 978.5240 .50903 +14.97

.. 7 I .
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Table 11 (cont.)

Oceanic Islands (cont.)
Woollard IGSN 71 Diff.
and Rose rlal

HAWAIIAN ISLANDS

Honolulu

CW 55 Bishop Mus. "B" 978.9530 .93835 +14.65

Pend. Univ. "A" 978.9593 .94490 +14.40

WA 443 Hickam AFB "J" 978.9337 .91914 +14.56

WA 444 Old Int'l AP "S" 978.9325 .91810 +14.40

WA 7015 Midway Is. "J" 979.4993 .48460 +14.70

WH 1041 Pier "P" 979.5077 .49222 +15.48 site?

LINE ISLANDS

WA 7013 Johnston Is. 978.7198 .70514* +14.66

NE4 CALEDONIA

WA 7016 Tontouta 978.8590 .844:30* +14.79

PHOENIX ISLANDS

WA 7017 Canton Is. "J" 978.2932 .27880 +14.40

SAMOA

WA 7019 Pago Pago "J" 978.6407 .62616 +14.54

SOCIETY ISLANDS

WA 7020 Bora Bora 978.6703 .65559* +14.71

WA 7022 Papeete "J" 978.7086 .69353 +15.07

TONGA

WA 7023 Fua-Amotu AP 978.8722 .85749* +14.71

WAKE

WA 7024 Wake Is. "J" 978.8814 .86656 +14.84
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Table 1I (cont.)

Oceanic Islands (cont.)

Woollard ILSN 71 Diff.
and Rose Mgal

WALLIS ISLAND

WA Wallis Is. 978.5215 ,50679* +14.71

INDIAN OCEAN AREA

WA 9004 Cocos (Keeling Is.) "J" 978.4687 .45454 +14.16 site?

WA 9005 Heard Island 981.4778 .46318* +14.62

WA 9017 Kerguelen Is. 981.0734 .05876* +14.64

WA 9007 Mauritius Is. 978.8666 .85221* +14.39

mom
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